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Introduction Mediterranean, southern Africa and parts of southern Asia.
 
Globally, the area affected by drought has likely2  increased
 

This Synthesis Report is based on the assessment carried 
out by the three Working Groups of the Intergovernmental 
Panel on Climate Change (IPCC). It provides an integrated 
view of climate change as the final part of the IPCC’s Fourth 
Assessment Report (AR4). 

A complete elaboration of the Topics covered in this sum
mary can be found in this Synthesis Report and in the under
lying reports of the three Working Groups. 

1. Observed changes in climate and 
their effects 

Warming of the climate system is unequivocal, as is 
now evident from observations of increases in global 
average air and ocean temperatures, widespread melt
ing of snow and ice and rising global average sea level 
(Figure SPM.1). {1.1} 

Eleven of the last twelve years (1995-2006) rank among 
the twelve warmest years in the instrumental record of global 
surface temperature (since 1850). The 100-year linear trend 
(1906-2005) of 0.74 [0.56 to 0.92]°C1  is larger than the cor
responding trend of 0.6 [0.4 to 0.8]°C (1901-2000) given in 
the Third Assessment Report (TAR) (Figure SPM.1). The tem
perature increase is widespread over the globe and is greater 
at higher northern latitudes. Land regions have warmed faster 
than the oceans (Figures SPM.2, SPM.4). {1.1, 1.2} 

Rising sea level is consistent with warming (Figure 
SPM.1). Global average sea level has risen since 1961 at an 
average rate of 1.8 [1.3 to 2.3] mm/yr and since 1993 at 3.1 
[2.4 to 3.8] mm/yr, with contributions from thermal expan
sion, melting glaciers and ice caps, and the polar ice sheets. 
Whether the faster rate for 1993 to 2003 reflects decadal varia
tion or an increase in the longer-term trend is unclear. {1.1} 

Observed decreases in snow and ice extent are also con
sistent with warming (Figure SPM.1). Satellite data since 1978 
show that annual average Arctic sea ice extent has shrunk by 
2.7 [2.1 to 3.3]% per decade, with larger decreases in summer 
of 7.4 [5.0 to 9.8]% per decade. Mountain glaciers and snow 
cover on average have declined in both hemispheres. {1.1} 

From 1900 to 2005, precipitation increased significantly 
in eastern parts of North and South America, northern Europe 
and northern and central Asia but declined in the Sahel, the 

since the 1970s. {1.1} 

It is very likely that over the past 50 years: cold days, cold 
nights and frosts have become less frequent over most land 
areas, and hot days and hot nights have become more frequent. 
It is likely that: heat waves have become more frequent over 
most land areas, the frequency of heavy precipitation events 
has increased over most areas, and since 1975 the incidence 
of extreme high sea level3  has increased worldwide. {1.1} 

There is observational evidence of an increase in intense 
tropical cyclone activity in the North Atlantic since about 1970, 
with limited evidence of increases elsewhere. There is no clear 
trend in the annual numbers of tropical cyclones. It is difficult 
to ascertain longer-term trends in cyclone activity, particularly 
prior to 1970. {1.1} 

Average Northern Hemisphere temperatures during the 
second half of the 20th century were very likely higher than 
during any other 50-year period in the last 500 years and likely 
the highest in at least the past 1300 years. {1.1} 

Observational evidence4  from all continents and most 
oceans shows that many natural systems are being 
affected by regional climate changes, particularly tem
perature increases. {1.2} 

Changes in snow, ice and frozen ground have with high con
fidence increased the number and size of glacial lakes, increased 
ground instability in mountain and other permafrost regions and 
led to changes in some Arctic and Antarctic ecosystems. {1.2} 

There is high confidence that some hydrological systems 
have also been affected through increased runoff and earlier 
spring peak discharge in many glacier- and snow-fed rivers 
and through effects on thermal structure and water quality of 
warming rivers and lakes. {1.2} 

In terrestrial ecosystems, earlier timing of spring events 
and poleward and upward shifts in plant and animal ranges 
are with very high confidence linked to recent warming. In 
some marine and freshwater systems, shifts in ranges and 
changes in algal, plankton and fish abundance are with high 
confidence associated with rising water temperatures, as well 
as related changes in ice cover, salinity, oxygen levels and 
circulation. {1.2} 

Of the more than 29,000 observational data series, from 
75 studies, that show significant change in many physical and 
biological systems, more than 89% are consistent with the 
direction of change expected as a response to warming (Fig

1 Numbers in square brackets indicate a 90% uncertainty interval around a best estimate, i.e. there is an estimated 5% likelihood that the value 
could be above the range given in square brackets and 5% likelihood that the value could be below that range. Uncertainty intervals are not 
necessarily symmetric around the corresponding best estimate. 
2 Words in italics represent calibrated expressions of uncertainty and confidence. Relevant terms are explained in the Box ‘Treatment of uncer
tainty’ in the Introduction of this Synthesis Report. 
3 Excluding tsunamis, which are not due to climate change. Extreme high sea level depends on average sea level and on regional weather 
systems. It is defined here as the highest 1% of hourly values of observed sea level at a station for a given reference period. 
4 Based largely on data sets that cover the period since 1970. 
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Changes in temperature, sea level and Northern Hemisphere snow cover 

(a) Global average surface temperature 

(b) Global average sea level 

(c) Northern Hemisphere snow cover 

Figure SPM.1. Observed changes in (a) global average surface temperature; (b) global average sea level from tide gauge (blue) and satellite 
(red) data and (c) Northern Hemisphere snow cover for March-April. All differences are relative to corresponding averages for the period 1961
1990. Smoothed curves represent decadal averaged values while circles show yearly values. The shaded areas are the uncertainty intervals 
estimated from a comprehensive analysis of known uncertainties (a and b) and from the time series (c). {Figure 1.1} 

ure SPM.2). However, there is a notable lack of geographic 
balance in data and literature on observed changes, with 
marked scarcity in developing countries. {1.2, 1.3} 

There is medium confidence that other effects of re
gional climate change on natural and human environ
ments are emerging, although many are difficult to dis
cern due to adaptation and non-climatic drivers. {1.2} 

They include effects of temperature increases on: {1.2} 

•	 agricultural and forestry management at Northern Hemi
sphere higher latitudes, such as earlier spring planting of 

crops, and alterations in disturbance regimes of forests 
due to fires and pests 

•	 some aspects of human health, such as heat-related mor
tality in Europe, changes in infectious disease vectors in 
some areas, and allergenic pollen in Northern Hemisphere 
high and mid-latitudes 

•	 some human activities in the Arctic (e.g. hunting and travel 
over snow and ice) and in lower-elevation alpine areas 
(such as mountain sports). 
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Changes in physical and biological systems and surface temperature 1970-2004 
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Figure SPM.2. Locations of significant changes in data series of physical systems (snow, ice and frozen ground; hydrology; and coastal pro
cesses) and biological systems (terrestrial, marine and freshwater biological systems), are shown together with surface air temperature changes 
over the period 1970-2004. A subset of about 29,000 data series was selected from about 80,000 data series from 577 studies. These met the 
following criteria: (1) ending in 1990 or later; (2) spanning a period of at least 20 years; and (3) showing a significant change in either direction, 
as assessed in individual studies. These data series are from about 75 studies (of which about 70 are new since the TAR) and contain about 
29,000 data series, of which about 28,000 are from European studies. White areas do not contain sufficient observational climate data to 
estimate a temperature trend. The 2 × 2 boxes show the total number of data series with significant changes (top row) and the percentage of 
those consistent with warming (bottom row) for (i) continental regions: North America (NAM), Latin America (LA), Europe (EUR), Africa (AFR), 
Asia (AS), Australia and New Zealand (ANZ), and Polar Regions (PR) and (ii) global-scale: Terrestrial (TER), Marine and Freshwater (MFW), and 
Global (GLO). The numbers of studies from the seven regional boxes (NAM, EUR, AFR, AS, ANZ, PR) do not add up to the global (GLO) totals 
because numbers from regions except Polar do not include the numbers related to Marine and Freshwater (MFW) systems. Locations of large-
area marine changes are not shown on the map. {Figure 1.2} 

4 



 
 

 

 

 

 

AEWC ICAS NSB
Summary for Policymakers 

2. Causes of change 

Changes in atmospheric concentrations of greenhouse 
gases (GHGs) and aerosols, land cover and solar radiation al
ter the energy balance of the climate system. {2.2} 

Global GHG emissions due to human activities have 
grown since pre-industrial times, with an increase of 
70% between 1970 and 2004 (Figure SPM.3).5 {2.1} 

Carbon dioxide (CO
2
) is the most important anthropogenic 

GHG. Its annual emissions grew by about 80% between 1970 
and 2004. The long-term trend of declining CO

2
 emissions 

per unit of energy supplied reversed after 2000. {2.1} 

Global atmospheric concentrations of CO2, methane 
(CH4) and nitrous oxide (N2O) have increased markedly 
as a result of human activities since 1750 and now far 
exceed pre-industrial values determined from ice cores 
spanning many thousands of years. {2.2} 

Atmospheric concentrations of CO
2
 (379ppm) and CH

4 

(1774ppb) in 2005 exceed by far the natural range over the 
last 650,000 years. Global increases in CO

2
 concentrations 

are due primarily to fossil fuel use, with land-use change pro
viding another significant but smaller contribution. It is very 
likely that the observed increase in CH

4
 concentration is pre

dominantly due to agriculture and fossil fuel use. CH
4
 growth 

rates have declined since the early 1990s, consistent with to
tal emissions (sum of anthropogenic and natural sources) be
ing nearly constant during this period. The increase in N

2
O 

concentration is primarily due to agriculture. {2.2} 

There is very high confidence that the net effect of human 
activities since 1750 has been one of warming.6 {2.2} 

Most of the observed increase in global average tempera
tures since the mid-20th century is very likely due to the 
observed increase in anthropogenic GHG concentra
tions.7  It is likely that there has been significant anthro
pogenic warming over the past 50 years averaged over 
each continent (except Antarctica) (Figure SPM.4). {2.4} 

During the past 50 years, the sum of solar and volcanic 
forcings would likely have produced cooling. Observed pat
terns of warming and their changes are simulated only by 
models that include anthropogenic forcings. Difficulties re
main in simulating and attributing observed temperature 
changes at smaller than continental scales. {2.4} 

Global anthropogenic GHG emissions 

G
tC

O
2-

eq
 / 

yr

49.0 
44.7 

39.4 
35.6 

28.7 

CO2 from fossil fuel use and other sources CO2 from deforestation, decay and peat 

CH4 from agriculture, waste and energy N2O from agriculture and others F-gases 

Figure SPM.3. (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.5 (b) Share of different anthropogenic GHGs in total 
emissions in 2004 in terms of carbon dioxide equivalents (CO2-eq). (c) Share of different sectors in total anthropogenic GHG emissions in 2004 
in terms of CO2-eq. (Forestry includes deforestation.) {Figure 2.1} 

5 Includes only carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and 
sulphurhexafluoride (SF6), whose emissions are covered by the United Nations Framework Convention on Climate Change (UNFCCC). These 
GHGs are weighted by their 100-year Global Warming Potentials, using values consistent with reporting under the UNFCCC. 
6 Increases in GHGs tend to warm the surface while the net effect of increases in aerosols tends to cool it. The net effect due to human activities 
since the pre-industrial era is one of warming (+1.6 [+0.6 to +2.4] W/m2). In comparison, changes in solar irradiance are estimated to have 
caused a small warming effect (+0.12 [+0.06 to +0.30] W/m2). 
7 Consideration of remaining uncertainty is based on current methodologies. 
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Global and continental temperature change 

models using only natural forcings	 observations 

models using both natural and anthropogenic forcings 

Figure SPM.4. Comparison of observed continental- and global-scale changes in surface temperature with results simulated by climate models 
using either natural or both natural and anthropogenic forcings. Decadal averages of observations are shown for the period 1906-2005 (black 
line) plotted against the centre of the decade and relative to the corresponding average for the period 1901-1950. Lines are dashed where spatial 
coverage is less than 50%. Blue shaded bands show the 5 to 95% range for 19 simulations from five climate models using only the natural 
forcings due to solar activity and volcanoes. Red shaded bands show the 5 to 95% range for 58 simulations from 14 climate models using both 
natural and anthropogenic forcings. {Figure 2.5} 

Advances since the TAR show that discernible human 
influences extend beyond average temperature to other 
aspects of climate. {2.4} 

Human influences have: {2.4} 

•	 very likely contributed to sea level rise during the latter 
half of the 20th century 

•	 likely contributed to changes in wind patterns, affecting 
extra-tropical storm tracks and temperature patterns 

•	 likely increased temperatures of extreme hot nights, cold 
nights and cold days 

•	 more likely than not increased risk of heat waves, area 
affected by drought since the 1970s and frequency of heavy 
precipitation events. 

Anthropogenic warming over the last three decades has likely 
had a discernible influence at the global scale on observed 
changes in many physical and biological systems. {2.4} 

Spatial agreement between regions of significant warm
ing across the globe and locations of significant observed 
changes in many systems consistent with warming is very 
unlikely to be due solely to natural variability. Several model
ling studies have linked some specific responses in physical 
and biological systems to anthropogenic warming. {2.4} 

More complete attribution of observed natural system re
sponses to anthropogenic warming is currently prevented by 
the short time scales of many impact studies, greater natural 
climate variability at regional scales, contributions of non-
climate factors and limited spatial coverage of studies. {2.4} 
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3. Projected climate change 
and its impacts 

There is high agreement and much evidence that with 
current climate change mitigation policies and related sus
tainable development practices, global GHG emissions 
will continue to grow over the next few decades. {3.1} 

The IPCC Special Report on Emissions Scenarios (SRES, 
2000) projects an increase of global GHG emissions by 25 to 
90% (CO

2
-eq) between 2000 and 2030 (Figure SPM.5), with 

fossil fuels maintaining their dominant position in the global en
ergy mix to 2030 and beyond. More recent scenarios without 
additional emissions mitigation are comparable in range.8,9 {3.1} 

Continued GHG emissions at or above current rates 
would cause further warming and induce many changes 
in the global climate system during the 21st century that 
would very likely be larger than those observed during 
the 20th century (Table SPM.1, Figure SPM.5). {3.2.1} 

For the next two decades a warming of about 0.2°C per de
cade is projected for a range of SRES emissions scenarios. Even 
if the concentrations of all GHGs and aerosols had been kept 
constant at year 2000 levels, a further warming of about 0.1°C 
per decade would be expected. Afterwards, temperature projec
tions increasingly depend on specific emissions scenarios. {3.2} 

The range of projections (Table SPM.1) is broadly con
sistent with the TAR, but uncertainties and upper ranges for 
temperature are larger mainly because the broader range of 
available models suggests stronger climate-carbon cycle feed
backs. Warming reduces terrestrial and ocean uptake of atmo
spheric CO

2
, increasing the fraction of anthropogenic emis

sions remaining in the atmosphere. The strength of this feed
back effect varies markedly among models. {2.3, 3.2.1} 

Because understanding of some important effects driving 
sea level rise is too limited, this report does not assess the 
likelihood, nor provide a best estimate or an upper bound for 
sea level rise. Table SPM.1 shows model-based projections 

Scenarios for GHG emissions from 2000 to 2100 (in the absence of additional climate policies) 

and projections of surface temperatures 

A1B 

B1 

A2 

B2 

G
lo

ba
l G

H
G

 e
m

is
si

on
s 

(G
tC

O
2 -

eq
 / 

yr
) 

G
lo

ba
l s

ur
fa

ce
 w

ar
m

in
g 

(o C
) 

Year 2000 constant 
concentrations 

post-SRES (max) 

post-SRES (min) 

post-SRES range (80%) 

A1FI 

A1T 

20 century th 

2000 2100 1900 2000 2100 
Year                                                                        Year 

Figure SPM.5. Left Panel: Global GHG emissions (in GtCO2-eq) in the absence of climate policies: six illustrative SRES marker scenarios 
(coloured lines) and the 80th percentile range of recent scenarios published since SRES (post-SRES) (gray shaded area). Dashed lines show the 
full range of post-SRES scenarios. The emissions include CO2, CH4, N2O and F-gases. Right Panel: Solid lines are multi-model global averages 
of surface warming for scenarios A2, A1B and B1, shown as continuations of the 20th-century simulations. These projections also take into 
account emissions of short-lived GHGs and aerosols. The pink line is not a scenario, but is for Atmosphere-Ocean General Circulation Model 
(AOGCM) simulations where atmospheric concentrations are held constant at year 2000 values. The bars at the right of the figure indicate the 
best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios at 2090-2099. All temperatures are 
relative to the period 1980-1999. {Figures 3.1 and 3.2} 

8 For an explanation of SRES emissions scenarios, see Box ‘SRES scenarios’ in Topic 3 of this Synthesis Report. These scenarios do not include 
additional climate policies above current ones; more recent studies differ with respect to UNFCCC and Kyoto Protocol inclusion. 
9 Emission pathways of mitigation scenarios are discussed in Section 5. 
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Table SPM.1. Projected global average surface warming and sea level rise at the end of the 21st century. {Table 3.1} 

Case 

Constant year 2000 
concentrationsb 

Temperature change 
(°C at 2090-2099 relative to 1980-1999) a, d 

Best estimate Likely range 

0.6 0.3 – 0.9 

Sea level rise 
(m at 2090-2099 relative to 1980-1999) 

Model-based range 
excluding future rapid dynamical changes in ice flow 

Not available 

B1 scenario 
A1T scenario 
B2 scenario 
A1B scenario 
A2 scenario 
A1FI scenario 

1.8 1.1 – 2.9 
2.4 1.4 – 3.8 
2.4 1.4 – 3.8 
2.8 1.7 – 4.4 
3.4 2.0 – 5.4 
4.0 2.4 – 6.4 

0.18 – 0.38 
0.20 – 0.45 
0.20 – 0.43 
0.21 – 0.48 
0.23 – 0.51 
0.26 – 0.59 

Notes: 
a)	 Temperatures are assessed best estimates and likely uncertainty ranges from a hierarchy of models of varying complexity as well as 

observational constraints. 
b)	 Year 2000 constant composition is derived from Atmosphere-Ocean General Circulation Models (AOGCMs) only. 
c)	 All scenarios above are six SRES marker scenarios. Approximate CO2-eq concentrations corresponding to the computed radiative 

forcing due to anthropogenic GHGs and aerosols in 2100 (see p. 823 of the Working Group I TAR) for the SRES B1, AIT, B2, A1B, A2 
and A1FI illustrative marker scenarios are about 600, 700, 800, 850, 1250 and 1550ppm, respectively. 

d)	 Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the period 1850
1899 add 0.5°C. 

of global average sea level rise for 2090-2099.10  The projec
tions do not include uncertainties in climate-carbon cycle feed
backs nor the full effects of changes in ice sheet flow, there
fore the upper values of the ranges are not to be considered 
upper bounds for sea level rise. They include a contribution 
from increased Greenland and Antarctic ice flow at the rates 
observed for 1993-2003, but this could increase or decrease 
in the future.11 {3.2.1} 

There is now higher confidence than in the TAR in pro
jected patterns of warming and other regional-scale 
features, including changes in wind patterns, precipi
tation and some aspects of extremes and sea ice. {3.2.2} 

Regional-scale changes include: {3.2.2} 

•	 warming greatest over land and at most high northern lati
tudes and least over Southern Ocean and parts of the North 
Atlantic Ocean, continuing recent observed trends (Fig
ure SPM.6) 

•	 contraction of snow cover area, increases in thaw depth 
over most permafrost regions and decrease in sea ice ex
tent; in some projections using SRES scenarios, Arctic 
late-summer sea ice disappears almost entirely by the lat
ter part of the 21st century 

•	 very likely increase in frequency of hot extremes, heat 
waves and heavy precipitation 

•	 likely increase in tropical cyclone intensity; less confidence 
in global decrease of tropical cyclone numbers 

•	 poleward shift of extra-tropical storm tracks with conse
quent changes in wind, precipitation and temperature pat
terns 

•	 very likely precipitation increases in high latitudes and 
likely decreases in most subtropical land regions, continu
ing observed recent trends. 

There is high confidence that by mid-century, annual river 
runoff and water availability are projected to increase at high 
latitudes (and in some tropical wet areas) and decrease in some 
dry regions in the mid-latitudes and tropics. There is also high 
confidence that many semi-arid areas (e.g. Mediterranean 
Basin, western United States, southern Africa and 
north-eastern Brazil) will suffer a decrease in water resources 
due to climate change. {3.3.1, Figure 3.5} 

Studies since the TAR have enabled more systematic 
understanding of the timing and magnitude of impacts 
related to differing amounts and rates of climate 
change. {3.3.1, 3.3.2} 

Figure SPM.7 presents examples of this new information 
for systems and sectors. The top panel shows impacts increas
ing with increasing temperature change. Their estimated mag
nitude and timing is also affected by development pathway 
(lower panel). {3.3.1} 

Examples of some projected impacts for different regions 
are given in Table SPM.2. 

10 TAR projections were made for 2100, whereas the projections for this report are for 2090-2099. The TAR would have had similar ranges to 
those in Table SPM.1 if it had treated uncertainties in the same way. 
11 For discussion of the longer term, see material below. 
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Geographical pattern of surface warming 

Figure SPM.6. Projected surface temperature changes for the late 21st century (2090-2099). The map shows the multi-AOGCM average projec
tion for the A1B SRES scenario. Temperatures are relative to the period 1980-1999. {Figure 3.2} 

Some systems, sectors and regions are likely to be espe
cially affected by climate change.12 {3.3.3} 

Systems and sectors: {3.3.3} 

• particular ecosystems: 
- terrestrial: tundra, boreal forest and mountain regions 

because of sensitivity to warming; mediterranean-type 
ecosystems because of reduction in rainfall; and tropi
cal rainforests where precipitation declines 

-	 coastal: mangroves and salt marshes, due to multiple 
stresses 

- marine: coral reefs due to multiple stresses; the sea ice 
biome because of sensitivity to warming 

•	 water resources in some dry regions at mid-latitudes13  and 
in the dry tropics, due to changes in rainfall and evapo
transpiration, and in areas dependent on snow and ice melt 

•	 agriculture in low latitudes, due to reduced water avail
ability 

•	 low-lying coastal systems, due to threat of sea level rise 
and increased risk from extreme weather events 

•	 human health in populations with low adaptive capacity. 

Regions: {3.3.3} 

•	 the Arctic, because of the impacts of high rates of projected 
warming on natural systems and human communities 

•	 Africa, because of low adaptive capacity and projected 
climate change impacts 

•	 small islands, where there is high exposure of population 
and infrastructure to projected climate change impacts 

•	 Asian and African megadeltas, due to large populations 
and high exposure to sea level rise, storm surges and river 
flooding. 

Within other areas, even those with high incomes, some 
people (such as the poor, young children and the elderly) can 
be particularly at risk, and also some areas and some activi
ties. {3.3.3} 

Ocean acidification 

The uptake of anthropogenic carbon since 1750 has led to 
the ocean becoming more acidic with an average decrease in 
pH of 0.1 units. Increasing atmospheric CO

2
 concentrations 

lead to further acidification. Projections based on SRES sce
narios give a reduction in average global surface ocean pH of 
between 0.14 and 0.35 units over the 21st century. While the ef
fects of observed ocean acidification on the marine biosphere are 
as yet undocumented, the progressive acidification of oceans is 
expected to have negative impacts on marine shell-forming or
ganisms (e.g. corals) and their dependent species. {3.3.4} 

12 Identified on the basis of expert judgement of the assessed literature and considering the magnitude, timing and projected rate of climate 
change, sensitivity and adaptive capacity. 
13 Including arid and semi-arid regions. 

Attachment 1 
Page 9 of 22

9 

http:change.12


          

  

 

                

AEWC ICAS NSB
Summary for Policymakers 

Examples of impacts associated with global average temperature change 

(Impacts will vary by extent of adaptation, rate of temperature change and socio-economic pathway) 

Global average annual temperature change relative to 1980-1999 (°C) 
0 1 2 3 4 5 °C 

WATER 

Increased water availability in moist tropics and high latitudes 

Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes 

Hundreds of millions of people exposed to increased water stress 

ECOSYSTEMS 

Up to 30% of species at 
increasing risk of extinction 

Increased coral bleaching  Most corals bleached                  Widespread coral mortality 

Increasing species range shifts and wildfire risk 

Terrestrial biosphere tends toward a net carbon source as: 
~15% ~40% of ecosystems affected 

Significant† extinctions 
around the globe 

Ecosystem changes due to weakening of the meridional 
overturning circulation 

FOOD 
Tendencies for cereal productivity 
to decrease in low latitudes 

Productivity of all cereals 
decreases in low latitudes 

Cereal productivity to 
decrease in some regions 

Complex, localised negative impacts on small holders, subsistence farmers and fishers 

Tendencies for some cereal productivity 
to increase at mid- to high latitudes

COASTS 
About 30% of 
global coastal 
wetlands lost‡ 

Millions more people could experience 
coastal flooding each year 

Increased damage from floods and storms 

HEALTH 
Changed distribution of some disease vectors 

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases 

Increased morbidity and mortality from heat waves, floods and droughts 

Substantial burden on health services 

0 1 2 3 4 5 °C 
† Significant is defined here as more than 40%.      ‡ Based on average rate of sea level rise of 4.2mm/year from 2000 to 2080. 

Warming by 2090-2099 relative to 1980-1999 for non-mitigation scenarios 

6.4°C 
5.4°C 

5 °C0 1 2 3 4 

Figure SPM.7. Examples of impacts associated with projected global average surface warming. Upper panel: Illustrative examples of global 
impacts projected for climate changes (and sea level and atmospheric CO2 where relevant) associated with different amounts of increase in 
global average surface temperature in the 21st century. The black lines link impacts; broken-line arrows indicate impacts continuing with increas
ing temperature. Entries are placed so that the left-hand side of text indicates the approximate level of warming that is associated with the onset 
of a given impact. Quantitative entries for water scarcity and flooding represent the additional impacts of climate change relative to the conditions 
projected across the range of SRES scenarios A1FI, A2, B1 and B2. Adaptation to climate change is not included in these estimations. Confi
dence levels for all statements are high. Lower panel: Dots and bars indicate the best estimate and likely ranges of warming assessed for the 
six SRES marker scenarios for 2090-2099 relative to 1980-1999. {Figure 3.6} 
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Table SPM.2. Examples of some projected regional impacts. {3.3.2} 

Africa � By 2020, between 75 and 250 million of people are projected to be exposed to increased water stress due to 
climate change. 

� By 2020, in some countries, yields from rain-fed agriculture could be reduced by up to 50%. Agricultural 
production, including access to food, in many African countries is projected to be severely compromised. This 
would further adversely affect food security and exacerbate malnutrition. 

� Towards the end of the 21st century, projected sea level rise will affect low-lying coastal areas with large 
populations. The cost of adaptation could amount to at least 5 to 10% of Gross Domestic Product (GDP). 

� By 2080, an increase of 5 to 8% of arid and semi-arid land in Africa is projected under a range of climate 
scenarios (TS). 

Asia � By the 2050s, freshwater availability in Central, South, East and South-East Asia, particularly in large river 
basins, is projected to decrease. 

� Coastal areas, especially heavily populated megadelta regions in South, East and South-East Asia, will be at 
greatest risk due to increased flooding from the sea and, in some megadeltas, flooding from the rivers. 

� Climate change is projected to compound the pressures on natural resources and the environment 
associated with rapid urbanisation, industrialisation and economic development. 

� Endemic morbidity and mortality due to diarrhoeal disease primarily associated with floods and droughts 
are expected to rise in East, South and South-East Asia due to projected changes in the hydrological cycle. 

Australia and � By 2020, significant loss of biodiversity is projected to occur in some ecologically rich sites, including the 
New Zealand Great Barrier Reef and Queensland Wet Tropics. 

� By 2030, water security problems are projected to intensify in southern and eastern Australia and, in 
New Zealand, in Northland and some eastern regions. 

� By 2030, production from agriculture and forestry is projected to decline over much of southern and 
eastern Australia, and over parts of eastern New Zealand, due to increased drought and fire. However, in 
New Zealand, initial benefits are projected in some other regions. 

� By 2050, ongoing coastal development and population growth in some areas of Australia and New Zealand 
are projected to exacerbate risks from sea level rise and increases in the severity and frequency of storms 
and coastal flooding. 

Europe � Climate change is expected to magnify regional differences in Europe’s natural resources and assets. 
Negative impacts will include increased risk of inland flash floods and more frequent coastal flooding and 
increased erosion (due to storminess and sea level rise). 

� Mountainous areas will face glacier retreat, reduced snow cover and winter tourism, and extensive species 
losses (in some areas up to 60% under high emissions scenarios by 2080). 

� In southern Europe, climate change is projected to worsen conditions (high temperatures and drought) in 
a region already vulnerable to climate variability, and to reduce water availability, hydropower potential, 
summer tourism and, in general, crop productivity. 

� Climate change is also projected to increase the health risks due to heat waves and the frequency of wildfires. 

Latin America � By mid-century, increases in temperature and associated decreases in soil water are projected to lead to 
gradual replacement of tropical forest by savanna in eastern Amazonia. Semi-arid vegetation will tend to 
be replaced by arid-land vegetation. 

� There is a risk of significant biodiversity loss through species extinction in many areas of tropical Latin America. 
� Productivity of some important crops is projected to decrease and livestock productivity to decline, with 

adverse consequences for food security. In temperate zones, soybean yields are projected to increase. 
Overall, the number of people at risk of hunger is projected to increase (TS; medium confidence). 

� Changes in precipitation patterns and the disappearance of glaciers are projected to significantly affect 
water availability for human consumption, agriculture and energy generation. 

North America � Warming in western mountains is projected to cause decreased snowpack, more winter flooding and 
reduced summer flows, exacerbating competition for over-allocated water resources. 

� In the early decades of the century, moderate climate change is projected to increase aggregate yields of 
rain-fed agriculture by 5 to 20%, but with important variability among regions. Major challenges are 
projected for crops that are near the warm end of their suitable range or which depend on highly utilised 
water resources. 

� Cities that currently experience heat waves are expected to be further challenged by an increased 
number, intensity and duration of heat waves during the course of the century, with potential for adverse 
health impacts. 

� Coastal communities and habitats will be increasingly stressed by climate change impacts interacting 
with development and pollution. 
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Table SPM.2. continued... 

Polar Regions � The main projected biophysical effects are reductions in thickness and extent of glaciers, ice sheets 
and sea ice, and changes in natural ecosystems with detrimental effects on many organisms including 
migratory birds, mammals and higher predators. 

� For human communities in the Arctic, impacts, particularly those resulting from changing snow and ice 
conditions, are projected to be mixed. 

� Detrimental impacts would include those on infrastructure and traditional indigenous ways of life. 
� In both polar regions, specific ecosystems and habitats are projected to be vulnerable, as climatic barriers to 

species invasions are lowered.

 Small Islands � Sea level rise is expected to exacerbate inundation, storm surge, erosion and other coastal hazards, thus 
threatening vital infrastructure, settlements and facilities that support the livelihood of island communities. 

� Deterioration in coastal conditions, for example through erosion of beaches and coral bleaching, is expected 
to affect local resources. 

� By mid-century, climate change is expected to reduce water resources in many small islands, e.g. in 
the Caribbean and Pacific, to the point where they become insufficient to meet demand during low-rainfall 
periods. 

� With higher temperatures, increased invasion by non-native species is expected to occur, particularly on 
mid- and high-latitude islands. 

Note: 
Unless stated explicitly, all entries are from Working Group II SPM text, and are either very high confidence or high confidence state
ments, reflecting different sectors (agriculture, ecosystems, water, coasts, health, industry and settlements). The Working Group II SPM 
refers to the source of the statements, timelines and temperatures. The magnitude and timing of impacts that will ultimately be realised 
will vary with the amount and rate of climate change, emissions scenarios, development pathways and adaptation. 

Altered frequencies and intensities of extreme weather, 
together with sea level rise, are expected to have mostly 
adverse effects on natural and human systems. {3.3.5} 

Examples for selected extremes and sectors are shown in 
Table SPM.3. 

Anthropogenic warming and sea level rise would con
tinue for centuries due to the time scales associated 
with climate processes and feedbacks, even if GHG 
concentrations were to be stabilised. {3.2.3} 

Estimated long-term (multi-century) warming correspond
ing to the six AR4 Working Group III stabilisation categories 
is shown in Figure SPM.8. 

Contraction of the Greenland ice sheet is projected to con
tinue to contribute to sea level rise after 2100. Current models 
suggest virtually complete elimination of the Greenland ice 
sheet and a resulting contribution to sea level rise of about 7m 
if global average warming were sustained for millennia in 
excess of 1.9 to 4.6°C relative to pre-industrial values. The 
corresponding future temperatures in Greenland are compa
rable to those inferred for the last interglacial period 125,000 
years ago, when palaeoclimatic information suggests reductions 
of polar land ice extent and 4 to 6m of sea level rise. {3.2.3} 

Current global model studies project that the Antarctic ice 
sheet will remain too cold for widespread surface melting and 
gain mass due to increased snowfall. However, net loss of ice 
mass could occur if dynamical ice discharge dominates the 
ice sheet mass balance. {3.2.3} 

Estimated multi-century warming relative to 1980-1999 for AR4 stabilisation categories

 0 1 2 3 4 5 6 °C 
Global average temperature change relative to 1980-1999 (°C) 

Figure SPM.8. Estimated long-term (multi-century) warming corresponding to the six AR4 Working Group III stabilisation categories (Table 
SPM.6). The temperature scale has been shifted by -0.5°C compared to Table SPM.6 to account approximately for the warming between pre
industrial and 1980-1999. For most stabilisation levels global average temperature is approaching the equilibrium level over a few centuries. For 
GHG emissions scenarios that lead to stabilisation at levels comparable to SRES B1 and A1B by 2100 (600 and 850ppm CO2-eq; category IV 
and V), assessed models project that about 65 to 70% of the estimated global equilibrium temperature increase, assuming a climate sensitivity 
of 3°C, would be realised at the time of stabilisation. For the much lower stabilisation scenarios (category I and II, Figure SPM.11), the equilib
rium temperature may be reached earlier. {Figure 3.4} 
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Table SPM.3. Examples of possible impacts of climate change due to changes in extreme weather and climate events, based on 
projections to the mid- to late 21st century. These do not take into account any changes or developments in adaptive capacity. The 
likelihood estimates in column two relate to the phenomena listed in column one. {Table 3.2} 

Phenomenona and 
direction of trend 

Likelihood of 
future trends 
based on 
projections 
for 21st century 
using SRES 
scenarios 

Examples of major projected impacts by sector 

Agriculture, forestry Water resources Human health Industry, settlement 
and ecosystems and society 

Over most land 
areas, warmer and 
fewer cold days 
and nights, warmer 
and more frequent 
hot days and nights 

Warm spells/heat 
waves. Frequency 
increases over most 
land areas 

Heavy precipitation 
events. Frequency 
increases over most 
areas 

Area affected by 
drought increases 

Intense tropical 
cyclone activity 
increases 

Increased incidence 
of extreme high 
sea level (excludes 
tsunamis)c 

Virtually 
certainb 

Very likely 

Very likely 

Likely 

Likely 

Likely d 

Increased yields in Effects on water Reduced human Reduced energy demand for 
colder environments; resources relying on mortality from heating; increased demand 
decreased yields in snowmelt; effects on decreased cold for cooling; declining air quality 
warmer environments; some water supplies exposure in cities; reduced disruption to 
increased insect transport due to snow, ice; 
outbreaks effects on winter tourism 

Reduced yields in Increased water Increased risk of Reduction in quality of life for 
warmer regions demand; water heat-related people in warm areas without 
due to heat stress; quality problems, mortality, especially appropriate housing; impacts 
increased danger of e.g. algal blooms for the elderly, on the elderly, very young and 
wildfire chronically sick, poor 

very young and 
socially isolated 

Damage to crops; Adverse effects on Increased risk of Disruption of settlements, 
soil erosion, inability quality of surface deaths, injuries and commerce, transport and 
to cultivate land due and groundwater; infectious, respiratory societies due to flooding: 
to waterlogging of contamination of and skin diseases pressures on urban and rural 
soils water supply; water infrastructures; loss of property 

scarcity may be 
relieved 

Land degradation; More widespread Increased risk of Water shortage for settlements, 
lower yields/crop water stress food and water industry and societies; 
damage and failure; shortage; increased reduced hydropower generation 
increased livestock risk of malnutrition; potentials; potential for 
deaths; increased increased risk of population migration 
risk of wildfire water- and food-

borne diseases 

Damage to crops; Power outages Increased risk of Disruption by flood and high 
windthrow (uprooting) causing disruption deaths, injuries, winds; withdrawal of risk 
of trees; damage to of public water supply water- and food- coverage in vulnerable areas 
coral reefs borne diseases; by private insurers; potential 

post-traumatic for population migrations; loss 
stress disorders of property 

Salinisation of Decreased fresh- Increased risk of Costs of coastal protection 
irrigation water, water availability due deaths and injuries versus costs of land-use 
estuaries and fresh- to saltwater intrusion by drowning in floods; relocation; potential for 
water systems migration-related movement of populations and 

health effects infrastructure; also see tropical 
cyclones above 

Notes: 
a)	 See Working Group I Table 3.7 for further details regarding definitions. 
b)	 Warming of the most extreme days and nights each year. 
c) Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the highest 1% of hourly values 

of observed sea level at a station for a given reference period. 
d)	 In all scenarios, the projected global average sea level at 2100 is higher than in the reference period. The effect of changes in regional 

weather systems on sea level extremes has not been assessed. 

Anthropogenic warming could lead to some impacts 
that are abrupt or irreversible, depending upon the rate 
and magnitude of the climate change. {3.4} 

Partial loss of ice sheets on polar land could imply metres 
of sea level rise, major changes in coastlines and inundation 
of low-lying areas, with greatest effects in river deltas and 
low-lying islands. Such changes are projected to occur over 

millennial time scales, but more rapid sea level rise on cen
tury time scales cannot be excluded. {3.4} 

Climate change is likely to lead to some irreversible im
pacts. There is medium confidence that approximately 20 to 
30% of species assessed so far are likely to be at increased 
risk of extinction if increases in global average warming ex
ceed 1.5 to 2.5°C (relative to 1980-1999). As global average 
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temperature increase exceeds about 3.5°C, model projections 
suggest significant extinctions (40 to 70% of species assessed) 
around the globe. {3.4} 

Based on current model simulations, the meridional over
turning circulation (MOC) of the Atlantic Ocean will very likely 
slow down during the 21st century; nevertheless temperatures 
over the Atlantic and Europe are projected to increase. The 
MOC is very unlikely to undergo a large abrupt transition dur
ing the 21st century. Longer-term MOC changes cannot be as
sessed with confidence. Impacts of large-scale and persistent 
changes in the MOC are likely to include changes in marine 
ecosystem productivity, fisheries, ocean CO

2
 uptake, oceanic 

oxygen concentrations and terrestrial vegetation. Changes in 
terrestrial and ocean CO

2
 uptake may feed back on the cli

mate system. {3.4} 

4. Adaptation and mitigation options14 

A wide array of adaptation options is available, but more 
extensive adaptation than is currently occurring is re
quired to reduce vulnerability to climate change. There 
are barriers, limits and costs, which are not fully un
derstood. {4.2} 

Societies have a long record of managing the impacts of 
weather- and climate-related events. Nevertheless, additional 
adaptation measures will be required to reduce the adverse 
impacts of projected climate change and variability, regard
less of the scale of mitigation undertaken over the next two to 
three decades. Moreover, vulnerability to climate change can 
be exacerbated by other stresses. These arise from, for ex
ample, current climate hazards, poverty and unequal access to 
resources, food insecurity, trends in economic globalisation, 
conflict and incidence of diseases such as HIV/AIDS. {4.2} 

Some planned adaptation to climate change is already 
occurring on a limited basis. Adaptation can reduce vulner

ability, especially when it is embedded within broader sectoral 
initiatives (Table SPM.4). There is high confidence that there 
are viable adaptation options that can be implemented in some 
sectors at low cost, and/or with high benefit-cost ratios. How
ever, comprehensive estimates of global costs and benefits of 
adaptation are limited. {4.2, Table 4.1} 

Adaptive capacity is intimately connected to social and 
economic development but is unevenly distributed 
across and within societies. {4.2} 

A range of barriers limits both the implementation and 
effectiveness of adaptation measures. The capacity to adapt is 
dynamic and is influenced by a society’s productive base, in
cluding natural and man-made capital assets, social networks 
and entitlements, human capital and institutions, governance, 
national income, health and technology. Even societies with 
high adaptive capacity remain vulnerable to climate change, 
variability and extremes. {4.2} 

Both bottom-up and top-down studies indicate that 
there is high agreement and much evidence of sub
stantial economic potential for the mitigation of global 
GHG emissions over the coming decades that could 
offset the projected growth of global emissions or re
duce emissions below current levels (Figures SPM.9, 
SPM.10).15  While top-down and bottom-up studies are 
in line at the global level (Figure SPM.9) there are con
siderable differences at the sectoral level. {4.3} 

No single technology can provide all of the mitigation 
potential in any sector. The economic mitigation potential, 
which is generally greater than the market mitigation poten
tial, can only be achieved when adequate policies are in place 
and barriers removed (Table SPM.5). {4.3} 

Bottom-up studies suggest that mitigation opportunities 
with net negative costs have the potential to reduce emissions 
by around 6 GtCO

2
-eq/yr in 2030, realising which requires 

dealing with implementation barriers. {4.3} 

14 While this Section deals with adaptation and mitigation separately, these responses can be complementary. This theme is discussed in 
Section 5. 
15 The concept of ‘mitigation potential’ has been developed to assess the scale of GHG reductions that could be made, relative to emission 
baselines, for a given level of carbon price (expressed in cost per unit of carbon dioxide equivalent emissions avoided or reduced). Mitigation 
potential is further differentiated in terms of ‘market mitigation potential’ and ‘economic mitigation potential’. 

Market mitigation potential is the mitigation potential based on private costs and private discount rates (reflecting the perspective of private 
consumers and companies), which might be expected to occur under forecast market conditions, including policies and measures currently in 
place, noting that barriers limit actual uptake. 

Economic mitigation potential is the mitigation potential that takes into account social costs and benefits and social discount rates (reflect
ing the perspective of society; social discount rates are lower than those used by private investors), assuming that market efficiency is 
improved by policies and measures and barriers are removed. 

Mitigation potential is estimated using different types of approaches. Bottom-up studies are based on assessment of mitigation options, 
emphasising specific technologies and regulations. They are typically sectoral studies taking the macro-economy as unchanged. Top-down 
studies assess the economy-wide potential of mitigation options. They use globally consistent frameworks and aggregated information about 
mitigation options and capture macro-economic and market feedbacks. 
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Table SPM.4. Selected examples of planned adaptation by sector. {Table 4.1} 

Sector Adaptation option/strategy Underlying policy framework Key constraints and opportunities 
to implementation (Normal font = 
constraints; italics = opportunities) 

Water 

Agriculture 

Infrastructure/ 
settlement 
(including 
coastal zones) 

Human health 

Tourism 

Transport 

Energy 

Expanded rainwater harvesting; 
water storage and conservation 
techniques; water re-use; 
desalination; water-use and 
irrigation efficiency 

Adjustment of planting dates and 
crop variety; crop relocation; 
improved land management, e.g. 
erosion control and soil protection 
through tree planting 

Relocation; seawalls and storm 
surge barriers; dune reinforce
ment; land acquisition and 
creation of marshlands/wetlands 
as buffer against sea level rise 
and flooding; protection of existing 
natural barriers 

Heat-health action plans; 
emergency medical services; 
improved climate-sensitive 
disease surveillance and control; 
safe water and improved 
sanitation 

Diversification of tourism 
attractions and revenues; shifting 
ski slopes to higher altitudes and 
glaciers; artificial snow-making 

Ralignment/relocation; design 
standards and planning for roads, 
rail and other infrastructure to 
cope with warming and drainage 

Strengthening of overhead 
transmission and distribution 
infrastructure; underground 
cabling for utilities; energy 
efficiency; use of renewable 
sources; reduced dependence on 
single sources of energy 

National water policies and 
integrated water resources manage
ment; water-related hazards 
management 

R&D policies; institutional reform; 
land tenure and land reform; training; 
capacity building; crop insurance; 
financial incentives, e.g. subsidies 
and tax credits 

Standards and regulations that 
integrate climate change consider
ations into design; land-use policies; 
building codes; insurance 

Public health policies that recognise 
climate risk; strengthened health 
services; regional and international 
cooperation 

Integrated planning (e.g. carrying 
capacity; linkages with other 
sectors); financial incentives, e.g. 
subsidies and tax credits 

Integrating climate change consider
ations into national transport policy; 
investment in R&D for special 
situations, e.g. permafrost areas 

National energy policies, regulations, 
and fiscal and financial incentives to 
encourage use of alternative 
sources; incorporating climate 
change in design standards 

Financial, human resources and 
physical barriers; integrated water 
resources management; synergies with 
other sectors 

Technological and financial 
constraints; access to new varieties; 
markets; longer growing season in 
higher latitudes; revenues from ‘new’ 
products 

Financial and technological barriers; 
availability of relocation space; 
integrated policies and management; 
synergies with sustainable development 
goals 

Limits to human tolerance (vulnerable 
groups); knowledge limitations; financial 
capacity; upgraded health services; 
improved quality of life 

Appeal/marketing of new attractions; 
financial and logistical challenges; 
potential adverse impact on other 
sectors (e.g. artificial snow-making may 
increase energy use); revenues from 
‘new’ attractions; involvement of wider 
group of stakeholders 

Financial and technological barriers; 
availability of less vulnerable routes; 
improved technologies and integration 
with key sectors (e.g. energy) 

Access to viable alternatives; financial 
and technological barriers; acceptance 
of new technologies; stimulation of new 
technologies; use of local resources 

Note:
 
Other examples from many sectors would include early warning systems.
 

Future energy infrastructure investment decisions, ex- these technologies are made attractive. Initial estimates show 
pected to exceed US$20 trillion16  between 2005 and 2030, that returning global energy-related CO

2
 emissions to 2005 

will have long-term impacts on GHG emissions, because of levels by 2030 would require a large shift in investment pat-
the long lifetimes of energy plants and other infrastructure terns, although the net additional investment required ranges 
capital stock. The widespread diffusion of low-carbon tech- from negligible to 5 to 10%. {4.3} 

nologies may take many decades, even if early investments in 

16 20 trillion = 20,000 billion = 20×1012 
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Comparison between global economic mitigation potential and projected emissions increase in 2030 

a) Bottom-up	 b) Top-down c) Increase in GHG emissions 
< 0 < 20 < 50 < 100 US$/tCO2-eq < 20 < 50 < 100 US$/tCO2-eq above year 2000 levels 
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Figure SPM.9. Global economic mitigation potential in 2030 estimated from bottom-up (Panel a) and top-down (Panel b) studies, compared with 
the projected emissions increases from SRES scenarios relative to year 2000 GHG emissions of 40.8 GtCO2-eq (Panel c). Note: GHG emissions 
in 2000 are exclusive of emissions of decay of above ground biomass that remains after logging and deforestation and from peat fires and 
drained peat soils, to ensure consistency with the SRES emission results. {Figure 4.1} 

Economic mitigation potentials by sector in 2030 estimated from bottom-up studies 

World total 

Energy supply Transport  Buildings Industry  Agriculture  Forestry              Waste 

total sectoral potential at <US$100/tCO -eq in GtCO -eq/yr:2 2 

2.4-4.7 1.6-2.5 5.3-6.7 2.5-5.5 2.3-6.4 1.3-4.2 0.4-1.0 

Figure SPM.10. Estimated economic mitigation potential by sector in 2030 from bottom-up studies, compared to the respective baselines 
assumed in the sector assessments. The potentials do not include non-technical options such as lifestyle changes. {Figure 4.2} 

Notes:
 
a) The ranges for global economic potentials as assessed in each sector are shown by vertical lines. The ranges are based on end-use allocations of
 

emissions, meaning that emissions of electricity use are counted towards the end-use sectors and not to the energy supply sector. 
b) The estimated potentials have been constrained by the availability of studies particularly at high carbon price levels. 
c) Sectors used different baselines. For industry, the SRES B2 baseline was taken, for energy supply and transport, the World Energy Outlook 

(WEO) 2004 baseline was used; the building sector is based on a baseline in between SRES B2 and A1B; for waste, SRES A1B driving 
forces were used to construct a waste-specific baseline; agriculture and forestry used baselines that mostly used B2 driving forces. 

d) Only global totals for transport are shown because international aviation is included. 
e) Categories excluded are: non-CO2 emissions in buildings and transport, part of material efficiency options, heat production and co-genera

tion in energy supply, heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for buildings, wastewa
ter treatment, emission reduction from coal mines and gas pipelines, and fluorinated gases from energy supply and transport. The underes
timation of the total economic potential from these emissions is of the order of 10 to 15%. 
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Summary for Policymakers 

A wide variety of policies and instruments are avail
able to governments to create the incentives for miti
gation action. Their applicability depends on national 
circumstances and sectoral context (Table SPM.5). {4.3} 

They include integrating climate policies in wider devel
opment policies, regulations and standards, taxes and charges, 
tradable permits, financial incentives, voluntary agreements, 
information instruments, and research, development and dem
onstration (RD&D). {4.3} 

An effective carbon-price signal could realise significant 
mitigation potential in all sectors. Modelling studies show that 
global carbon prices rising to US$20-80/tCO

2
-eq by 2030 are 

consistent with stabilisation at around 550ppm CO
2
-eq by 2100. 

For the same stabilisation level, induced technological change 
may lower these price ranges to US$5-65/tCO

2
-eq in 2030.17 {4.3} 

There is high agreement and much evidence that mitiga
tion actions can result in near-term co-benefits (e.g. improved 
health due to reduced air pollution) that may offset a substan
tial fraction of mitigation costs. {4.3} 

There is high agreement and medium evidence that Annex 
I countries’ actions may affect the global economy and global 
emissions, although the scale of carbon leakage remains un
certain.18 {4.3} 

Fossil fuel exporting nations (in both Annex I and non-An
nex I countries) may expect, as indicated in the TAR, lower de
mand and prices and lower GDP growth due to mitigation poli
cies. The extent of this spillover depends strongly on assump
tions related to policy decisions and oil market conditions. {4.3} 

There is also high agreement and medium evidence that 
changes in lifestyle, behaviour patterns and management prac
tices can contribute to climate change mitigation across all sec
tors. {4.3} 

Many options for reducing global GHG emissions 
through international cooperation exist. There is high 
agreement and much evidence that notable achieve
ments of the UNFCCC and its Kyoto Protocol are the 
establishment of a global response to climate change, 
stimulation of an array of national policies, and the cre
ation of an international carbon market and new insti
tutional mechanisms that may provide the foundation 

for future mitigation efforts. Progress has also been made 
in addressing adaptation within the UNFCCC and addi
tional international initiatives have been suggested. {4.5} 

Greater cooperative efforts and expansion of market mecha
nisms will help to reduce global costs for achieving a given level 
of mitigation, or will improve environmental effectiveness. Ef
forts can include diverse elements such as emissions targets; 
sectoral, local, sub-national and regional actions; RD&D 
programmes; adopting common policies; implementing devel
opment-oriented actions; or expanding financing instruments. {4.5} 

In several sectors, climate response options can be 
implemented to realise synergies and avoid conflicts 
with other dimensions of sustainable development. 
Decisions about macroeconomic and other non-climate 
policies can significantly affect emissions, adaptive 
capacity and vulnerability. {4.4, 5.8} 

Making development more sustainable can enhance miti
gative and adaptive capacities, reduce emissions and reduce 
vulnerability, but there may be barriers to implementation. On 
the other hand, it is very likely that climate change can slow 
the pace of progress towards sustainable development. Over 
the next half-century, climate change could impede achieve
ment of the Millennium Development Goals. {5.8} 

5. The long-term perspective 

Determining what constitutes “dangerous anthropo
genic interference with the climate system” in relation 
to Article 2 of the UNFCCC involves value judgements. 
Science can support informed decisions on this issue, 
including by providing criteria for judging which vul
nerabilities might be labelled ‘key’. {Box ‘Key Vulnerabili
ties and Article 2 of the UNFCCC’, Topic 5} 

Key vulnerabilities19  may be associated with many cli
mate-sensitive systems, including food supply, infrastructure, 
health, water resources, coastal systems, ecosystems, global 
biogeochemical cycles, ice sheets and modes of oceanic and 
atmospheric circulation. {Box ‘Key Vulnerabilities and Article 2 of 

the UNFCCC’, Topic 5} 

17 Studies on mitigation portfolios and macro-economic costs assessed in this report are based on top-down modelling. Most models use a 
global least-cost approach to mitigation portfolios, with universal emissions trading, assuming transparent markets, no transaction cost, and 
thus perfect implementation of mitigation measures throughout the 21st century. Costs are given for a specific point in time. Global modelled 
costs will increase if some regions, sectors (e.g. land use), options or gases are excluded. Global modelled costs will decrease with lower 
baselines, use of revenues from carbon taxes and auctioned permits, and if induced technological learning is included. These models do not consider 
climate benefits and generally also co-benefits of mitigation measures, or equity issues. Significant progress has been achieved in applying ap
proaches based on induced technological change to stabilisation studies; however, conceptual issues remain. In the models that consider induced 
technological change, projected costs for a given stabilisation level are reduced; the reductions are greater at lower stabilisation level. 
18 Further details may be found in Topic 4 of this Synthesis Report. 
19 Key vulnerabilities can be identified based on a number of criteria in the literature, including magnitude, timing, persistence/reversibility, the 
potential for adaptation, distributional aspects, likelihood and ‘importance’ of the impacts. 

Attachment 1 
Page 18 of 22

18 

http:certain.18


  

 

  

 

AEWC ICAS NSB
Summary for Policymakers 

The five ‘reasons for concern’ identified in the TAR re
main a viable framework to consider key vulnerabili
ties. These ‘reasons’ are assessed here to be stronger 
than in the TAR. Many risks are identified with higher con
fidence. Some risks are projected to be larger or to occur 
at lower increases in temperature. Understanding about 
the relationship between impacts (the basis for ‘reasons 
for concern’ in the TAR) and vulnerability (that includes 
the ability to adapt to impacts) has improved. {5.2} 

This is due to more precise identification of the circum
stances that make systems, sectors and regions especially vul
nerable and growing evidence of the risks of very large im
pacts on multiple-century time scales. {5.2} 

•	 Risks to unique and threatened systems. There is new 
and stronger evidence of observed impacts of climate 
change on unique and vulnerable systems (such as polar 
and high mountain communities and ecosystems), with 
increasing levels of adverse impacts as temperatures in
crease further. An increasing risk of species extinction and 
coral reef damage is projected with higher confidence than 
in the TAR as warming proceeds. There is medium confi
dence that approximately 20 to 30% of plant and animal 
species assessed so far are likely to be at increased risk of 
extinction if increases in global average temperature ex
ceed 1.5 to 2.5°C over 1980-1999 levels. Confidence has 
increased that a 1 to 2°C increase in global mean tem
perature above 1990 levels (about 1.5 to 2.5°C above pre
industrial) poses significant risks to many unique and 
threatened systems including many biodiversity hotspots. 
Corals are vulnerable to thermal stress and have low adap
tive capacity. Increases in sea surface temperature of about 
1 to 3°C are projected to result in more frequent coral 
bleaching events and widespread mortality, unless there 
is thermal adaptation or acclimatisation by corals. Increasing 
vulnerability of indigenous communities in the Arctic and 
small island communities to warming is projected. {5.2} 

•	 Risks of extreme weather events.  Responses to some re
cent extreme events reveal higher levels of vulnerability 
than the TAR. There is now higher confidence in the pro
jected increases in droughts, heat waves and floods, as 
well as their adverse impacts. {5.2} 

•	 Distribution of impacts and vulnerabilities. There are 
sharp differences across regions and those in the weakest 
economic position are often the most vulnerable to cli
mate change. There is increasing evidence of greater vul
nerability of specific groups such as the poor and elderly 
not only in developing but also in developed countries. 
Moreover, there is increased evidence that low-latitude 
and less developed areas generally face greater risk, for 
example in dry areas and megadeltas. {5.2} 

•	 Aggregate impacts.  Compared to the TAR, initial net mar
ket-based benefits from climate change are projected to 
peak at a lower magnitude of warming, while damages 
would be higher for larger magnitudes of warming. The 
net costs of impacts of increased warming are projected 
to increase over time. {5.2} 

•	 Risks of large-scale singularities. There is high confi
dence that global warming over many centuries would lead 
to a sea level rise contribution from thermal expansion 
alone that is projected to be much larger than observed 
over the 20th century, with loss of coastal area and associ
ated impacts. There is better understanding than in the TAR 
that the risk of additional contributions to sea level rise 
from both the Greenland and possibly Antarctic ice sheets 
may be larger than projected by ice sheet models and could 
occur on century time scales. This is because ice dynami
cal processes seen in recent observations but not fully in
cluded in ice sheet models assessed in the AR4 could in
crease the rate of ice loss. {5.2} 

There is high confidence that neither adaptation nor 
mitigation alone can avoid all climate change impacts; 
however, they can complement each other and together 
can significantly reduce the risks of climate change. {5.3} 

Adaptation is necessary in the short and longer term to ad
dress impacts resulting from the warming that would occur even 
for the lowest stabilisation scenarios assessed. There are barriers, 
limits and costs, but these are not fully understood. Unmitigated 
climate change would, in the long term, be likely to exceed the 
capacity of natural, managed and human systems to adapt. The 
time at which such limits could be reached will vary between 
sectors and regions. Early mitigation actions would avoid further 
locking in carbon intensive infrastructure and reduce climate 
change and associated adaptation needs. {5.2, 5.3} 

Many impacts can be reduced, delayed or avoided by 
mitigation. Mitigation efforts and investments over the 
next two to three decades will have a large impact on 
opportunities to achieve lower stabilisation levels. De
layed emission reductions significantly constrain the 
opportunities to achieve lower stabilisation levels and 
increase the risk of more severe climate change im
pacts. {5.3, 5.4, 5.7} 

In order to stabilise the concentration of GHGs in the at
mosphere, emissions would need to peak and decline thereaf
ter. The lower the stabilisation level, the more quickly this 
peak and decline would need to occur.20 {5.4} 

Table SPM.6 and Figure SPM.11 summarise the required 
emission levels for different groups of stabilisation concen
trations and the resulting equilibrium global warming and long

20 For the lowest mitigation scenario category assessed, emissions would need to peak by 2015, and for the highest, by 2090 (see Table SPM.6). 
Scenarios that use alternative emission pathways show substantial differences in the rate of global climate change. 
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term sea level rise due to thermal expansion only.21  The tim
ing and level of mitigation to reach a given temperature 
stabilisation level is earlier and more stringent if climate sen
sitivity is high than if it is low. {5.4, 5.7} 

Sea level rise under warming is inevitable. Thermal ex
pansion would continue for many centuries after GHG con
centrations have stabilised, for any of the stabilisation levels 
assessed, causing an eventual sea level rise much larger than 
projected for the 21st century. The eventual contributions from 
Greenland ice sheet loss could be several metres, and larger 
than from thermal expansion, should warming in excess of 
1.9 to 4.6°C above pre-industrial be sustained over many cen
turies. The long time scales of thermal expansion and ice sheet 
response to warming imply that stabilisation of GHG concen
trations at or above present levels would not stabilise sea level 
for many centuries. {5.3, 5.4} 

There is high agreement and much evidence that 
all stabilisation levels assessed can be achieved by 

deployment of a portfolio of technologies that are ei
ther currently available or expected to be commercialised 
in coming decades, assuming appropriate and effec
tive incentives are in place for their development, 
acquisition, deployment and diffusion and addressing 
related barriers. {5.5} 

All assessed stabilisation scenarios indicate that 60 to 80% 
of the reductions would come from energy supply and use 
and industrial processes, with energy efficiency playing a key 
role in many scenarios. Including non-CO

2
 and CO

2
 land-use 

and forestry mitigation options provides greater flexibility and 
cost-effectiveness. Low stabilisation levels require early invest
ments and substantially more rapid diffusion and 
commercialisation of advanced low-emissions technologies. {5.5} 

Without substantial investment flows and effective tech
nology transfer, it may be difficult to achieve emission reduc
tion at a significant scale. Mobilising financing of incremen
tal costs of low-carbon technologies is important. {5.5} 

Table SPM.6. Characteristics of post-TAR stabilisation scenarios and resulting long-term equilibrium global average temperature and 
the sea level rise component from thermal expansion only.a {Table 5.1} 
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ppm ppm year percent °C metres 

I 350 – 400 445 – 490 2000 – 2015 -85 to -50 2.0 – 2.4 0.4 – 1.4 6 

II 400 – 440 490 – 535 2000 – 2020 -60 to -30 2.4 – 2.8 0.5 – 1.7 18 

III 440 – 485 535 – 590 2010 – 2030 -30 to +5 2.8 – 3.2 0.6 – 1.9 21 

IV 485 – 570 590 – 710 2020 – 2060 +10 to +60 3.2 – 4.0 0.6 – 2.4 118 

V 570 – 660 710 – 855 2050 – 2080 +25 to +85 4.0 – 4.9 0.8 – 2.9 9 

VI 660 – 790 855 – 1130 2060 – 2090 +90 to +140 4.9 – 6.1 1.0 – 3.7 5 

Notes: 
a) The emission reductions to meet a particular stabilisation level reported in the mitigation studies assessed here might be underesti

mated due to missing carbon cycle feedbacks (see also Topic 2.3). 
b) Atmospheric CO2 concentrations were 379ppm in 2005. The best estimate of total CO2-eq concentration in 2005 for all long-lived 

GHGs is about 455ppm, while the corresponding value including the net effect of all anthropogenic forcing agents is 375ppm CO2-eq. 
c) Ranges correspond to the 15th to 85th percentile of the post-TAR scenario distribution. CO2 emissions are shown so multi-gas scenarios 

can be compared with CO2-only scenarios (see Figure SPM.3). 
d) The best estimate of climate sensitivity is 3°C. 
e) Note that global average temperature at equilibrium is different from expected global average temperature at the time of stabilisation of 

GHG concentrations due to the inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentra
tions occurs between 2100 and 2150 (see also Footnote 21). 

f)	 Equilibrium sea level rise is for the contribution from ocean thermal expansion only and does not reach equilibrium for at least many 
centuries. These values have been estimated using relatively simple climate models (one low-resolution AOGCM and several EMICs 
based on the best estimate of 3°C climate sensitivity) and do not include contributions from melting ice sheets, glaciers and ice caps. 
Long-term thermal expansion is projected to result in 0.2 to 0.6m per degree Celsius of global average warming above pre-industrial. 
(AOGCM refers to Atmosphere-Ocean General Circulation Model and EMICs to Earth System Models of Intermediate Complexity.) 

21 Estimates for the evolution of temperature over the course of this century are not available in the AR4 for the stabilisation scenarios. For most 
stabilisation levels, global average temperature is approaching the equilibrium level over a few centuries. For the much lower stabilisation 
scenarios (category I and II, Figure SPM.11), the equilibrium temperature may be reached earlier. 
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 emissions and equilibrium temperature increases for a range of stabilisation levels 
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Figure SPM.11. Global CO2 emissions for 1940 to 2000 and emissions ranges for categories of stabilisation scenarios from 2000 to 2100 (left
hand panel); and the corresponding relationship between the stabilisation target and the likely equilibrium global average temperature increase 
above pre-industrial (right-hand panel). Approaching equilibrium can take several centuries, especially for scenarios with higher levels of stabilisation. 
Coloured shadings show stabilisation scenarios grouped according to different targets (stabilisation category I to VI). The right-hand panel 
shows ranges of global average temperature change above pre-industrial, using (i) ‘best estimate’ climate sensitivity of 3°C (black line in middle 
of shaded area), (ii) upper bound of likely range of climate sensitivity of 4.5°C (red line at top of shaded area) (iii) lower bound of likely range of 
climate sensitivity of 2°C (blue line at bottom of shaded area). Black dashed lines in the left panel give the emissions range of recent baseline 
scenarios published since the SRES (2000). Emissions ranges of the stabilisation scenarios comprise CO2-only and multigas scenarios and 
correspond to the 10th to 90th percentile of the full scenario distribution. Note: CO2 emissions in most models do not include emissions from decay 
of above ground biomass that remains after logging and deforestation, and from peat fires and drained peat soils. {Figure 5.1} 

The macro-economic costs of mitigation generally rise In 2050, global average macro-economic costs for mitiga
with the stringency of the stabilisation target (Table tion towards stabilisation between 710 and 445ppm CO

2
-eq are 

SPM.7). For specific countries and sectors, costs vary between a 1% gain and 5.5% decrease of global GDP (Table 
considerably from the global average.22 {5.6} SPM.7). This corresponds to slowing average annual global GDP 

growth by less than 0.12 percentage points. {5.6} 

Table SPM.7. Estimated global macro-economic costs in 2030 and 2050. Costs are relative to the baseline for least-cost trajectories 
towards different long-term stabilisation levels. {Table 5.2} 

Stabilisation levels Median GDP reductiona (%) Range of GDP reductionb (%) Reduction of average annual GDP 
(ppm CO2-eq) growth rates (percentage points) c,e 

2030 2050 2030 2050 2030  2050 

445 – 535d              Not available < 3 < 5.5 < 0.12  < 0.12 
535 – 590 0.6 1.3 0.2 to 2.5 slightly negative to 4 < 0.1  < 0.1 
590 – 710 0.2 0.5 -0.6 to 1.2 -1 to 2 < 0.06  < 0.05 

Notes: 
Values given in this table correspond to the full literature across all baselines and mitigation scenarios that provide GDP numbers. 
a)	 Global GDP based on market exchange rates. 
b)	 The 10th and 90th percentile range of the analysed data are given where applicable. Negative values indicate GDP gain. The first row 

(445-535ppm CO2-eq) gives the upper bound estimate of the literature only. 
c) The calculation of the reduction of the annual growth rate is based on the average reduction during the assessed period that would 

result in the indicated GDP decrease by 2030 and 2050 respectively. 
d)	 The number of studies is relatively small and they generally use low baselines. High emissions baselines generally lead to higher costs. 
e)	 The values correspond to the highest estimate for GDP reduction shown in column three. 

22 See Footnote 17 for more detail on cost estimates and model assumptions. 
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Responding to climate change involves an iterative risk 
management process that includes both adaptation and 
mitigation and takes into account climate change dam
ages, co-benefits, sustainability, equity and attitudes 
to risk. {5.1} 

Impacts of climate change are very likely to impose net 
annual costs, which will increase over time as global tem
peratures increase. Peer-reviewed estimates of the social cost 
of carbon23  in 2005 average US$12 per tonne of CO

2
, but the 

range from 100 estimates is large (-$3 to $95/tCO
2
). This is 

due in large part to differences in assumptions regarding cli
mate sensitivity, response lags, the treatment of risk and eq
uity, economic and non-economic impacts, the inclusion of 
potentially catastrophic losses and discount rates. Aggregate 
estimates of costs mask significant differences in impacts 

across sectors, regions and populations and very likely under
estimate damage costs because they cannot include many non-
quantifiable impacts. {5.7} 

Limited and early analytical results from integrated analy
ses of the costs and benefits of mitigation indicate that they 
are broadly comparable in magnitude, but do not as yet permit 
an unambiguous determination of an emissions pathway or 
stabilisation level where benefits exceed costs. {5.7} 

Climate sensitivity is a key uncertainty for mitigation sce
narios for specific temperature levels. {5.4} 

Choices about the scale and timing of GHG mitigation 
involve balancing the economic costs of more rapid emission 
reductions now against the corresponding medium-term and 
long-term climate risks of delay. {5.7} 

23 Net economic costs of damages from climate change aggregated across the globe and discounted to the specified year. 
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http://www.epa.gov/OMS/climate/420f05004.htm 

Last updated on Thursday, January 14th, 2010. 
Overview: Pollutants and Programs
You are here: EPA Home Transportation and Air Quality Overview: Pollutants and Programs 

Greenhouse Gas Emissions from Mobile Sources Emission Facts: Greenhouse Gas Emissions from a 
Typical Passenger Vehicle 

EPA420-F-05-004 February 2005 
Download a PDF version of this document formatted for print. (6 pp, 54K, About PDF Files) 

The U.S. Environmental Protection Agency (EPA) developed this series of four fact sheets to facilitate 
consistency of assumptions and practices in the calculation of emissions of greenhouse gases from 
transportation and mobile sources. They are intended as a reference for anyone estimating emissions 
benefits of mobile sources air pollution control programs. 

Issue 
Recommendation 
Key Steps to the Calculation 
More Information 

Issue 

Each EPA voluntary climate change program has used slightly different assumptions to translate the 
greenhouse gas (GHG) reductions associated with the program to the equivalent GHG emissions of a 
number of cars on the road. The result is that different numbers for the greenhouse gas emissions 
associated with a passenger vehicle have been used for different programs. The purpose of this fact 
sheet is to determine consistent assumptions and produce a number that is accepted for the annual 
GHG emissions associated with a passenger vehicle. The estimate calculated here is for vehicle 
emissions only, and does not include lifecycle emissions such as emissions associated with the 
production and distribution of fuel. 

Recommendation 

To translate GHG reductions into an equivalent number of cars off the road, annual emissions from 
a typical passenger vehicle should be equated to 5.5 metric tons of carbon dioxide equivalent or 1.5 
metric tons of carbon equivalent. 

Key Steps to the Calculation 

There are six key steps to estimate the annual greenhouse gas emissions associated with a 
passenger vehicle: 

1. Determining the carbon dioxide (CO2) produced per gallon of gasoline 
2. Estimating the fuel economy of passenger cars and light trucks (in miles per gallon [mpg]) 
3. Determining the number of miles driven 
4.	 Determining the emissions of greenhouse gases other than CO2 (methane [CH4], nitrous 

oxide [N2O], and hydrofluorocarbons [HFCs]) 
5. Estimating the relative percentages of passenger cars and light trucks 
6. Calculating the resulting annual greenhouse gas emissions 

2/17/2010 2:12 PM1 of 5 
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gives 

Note that for the purposes of this fact sheet, representative values were chosen for each of these 
variables, despite the fact that in practice variation does occur in these numbers. 

Step 1: Determining the CO2 produced per gallon of gasoline 
A gallon of gasoline is assumed to produce 8.8 kilograms (or 19.4 pounds) of CO2. This number is 
calculated from values in the Code of Federal Regulations at 40 CFR 600.113-78, which EPA uses to 
calculate the fuel economy of vehicles, and relies on assumptions consistent with the 
Intergovernmental Panel on Climate Change (IPCC) guidelines. 

In particular, 40 CFR 600.113-78 gives a carbon content value of 2,421 grams (g) of carbon per 
gallon of gasoline, which produces 8,877 g of CO2. (The carbon content is multiplied by the ratio of 
the molecular weight of CO2 to the molecular weight of carbon: 44/12). 

This number is then multiplied by an oxidation factor of 0.99, which assumes that 1 percent of the 
carbon remains un-oxidized.[1.] This produces a value of 8,788 g or 8.8 kg (19.4 lbs) of CO2. 

Step 2: Estimating the fuel economy of passenger cars and light trucks (MPG estimate) 
There are two sources of data which EPA has used for the average fuel economy of passenger cars 
and light trucks. MOBILE6.2 (EPA’s computer model for estimating emissions for highway vehicles) 
can calculate an average fuel economy across the fleet, based on the EPA annual Fuel Economy 
Trends reports. For 2003, MOBILE calculates values of 23.9 miles per gallon (mpg) for passenger 
cars and 17.4 mpg for light trucks. These values are weighted averages (based on vehicle age data 
for the fleet, including vehicles up to 25 years old) of the Fuel Economy Trends sales-weighted 
average fuel economy of passenger cars and light trucks for each model year. MOBILE6.2 calculates 
an overall average fuel economy for passenger vehicles of 20.3 mpg (weighted by vehicle miles 
traveled [VMT] for passenger cars and light trucks). 

The Federal Highway Administration’s (FHWA) "Highway Statistics 2001" 
average values of 22.1 mpg for passenger cars and 17.6 mpg for light trucks as a fleet wide average 
in for the year 2001 (includes all vehicles on the road in 2001). These values are obtained by 
dividing vehicle miles traveled by fuel use.[2.] These values are used in the development of the 
"Inventory of U. S. Greenhouse Gas Emissions and Sinks." 

Recommendation: Values were calculated using both sets of fuel economy numbers. Depending on 
the circumstances, use of one set of numbers or the other may be more appropriate. Generally EPA 
staff should use the MOBILE6 estimates. However, EPA uses the FHWA numbers in developing the 
National Inventory for Greenhouse Gas Emissions because they are consistent with the 
methodology used to develop the inventory. (Note that a small variation in the fuel economy 
number will not change the rough estimate of greenhouse gases derived here.) 

Step 3: Determining the number of miles driven 
The number of miles driven per year is assumed to be 12,000 miles for all passenger vehicles. This 
number is based on several sources. Calculations from EPA’s MOBILE6 model show an average 
annual mileage of roughly 10,500 miles per year for passenger cars and over 12,400 miles per year 
for light trucks across all vehicles in the fleet. However, these numbers include the oldest vehicles 
in the fleet (vehicles 25 years of age and older), which are likely not used as primary vehicles and 
are driven substantially less than newer vehicles. Since this calculation is for a typical vehicle, 
including the oldest vehicles may not be appropriate. For all vehicles up to 10 years old, MOBILE6 
shows an annual average mileage of close to 12,000 miles per year for passenger cars, and over 
15,000 miles per year for light trucks. 

FHWA’s National Highway Statistics contains values of 11,766 miles for passenger cars and 11,140 
miles for light trucks across the fleet. However, as with the MOBILE6 fleet-wide estimates, these 
numbers include the oldest vehicles in the fleet. EPA’s Commuter Model uses 1997 data from Oak 
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Ridge Laboratories for the number of cars nationally and number of miles driven which produces a 
value of just over 12,000 miles per year. Due to the wide range of estimates, 12,000 miles per 
vehicle is used as a rough estimate for calculating the greenhouse gas emissions from a typical 
passenger vehicle.) 

Step 4: Determining the emissions of greenhouse gases other than CO2 (N2O, CH4, and 
HFCs) 
In addition to carbon dioxide, automobiles produce methane (CH4) and nitrous oxide (N2O) from the 
tailpipe, as well as HFC emissions from leaking air conditioners. The emissions of CH4 and N2O are 
related to vehicle miles traveled rather than fuel consumption, and the emissions of CH4, N2O, and 
HFCs are not as easily estimated from a vehicle as for CO2.[3.] On average, CH4, N2O, and HFC 
emissions represent roughly 5 - 6 percent of the GHG emissions from passenger vehicles, while CO2 

emissions account for 94-95 percent, accounting for the global warming potential of each 
greenhouse gas. (These percentages are estimated from the EPA "Inventory of U.S. Greenhouse 
Gas Emissions and Sinks: 1990 - 2001".) To simplify this estimate, it is assumed that CH4, N2O, and 
HFCs account for 5 percent of emissions, and the CO2 estimate was multiplied by 100/95 to 
incorporate the contribution of the other greenhouse gases. 

Step 5: Estimating the relative percentages of passenger cars and light trucks 
Because FHWA calculates fuel economy for passenger cars and light trucks separately, it is 
necessary to determine the relative percentage of cars and light trucks in order to derive the 
greenhouse gas emissions for an average passenger vehicle. (This step is not necessary when using 
the MOBILE6 fuel economy data because MOBILE6 already calculates a weighted average fuel 
economy for all passenger vehicles.) Passenger cars are assumed to make up 63.4 percent and light 
trucks make up 36.6 percent of the passenger vehicle fleet. These values are derived from table 6.4 
(2000 data) of the "Transportation Energy Data Book: Edition 22,"  (published by the 
Center for Transportation Analysis, Oak Ridge National Laboratory) which states there are 
127,721,000 passenger cars on the road and 73,775,000 light trucks (less than 8500 lbs [4.] ). 
Note that this percentage is changing over time, as light trucks now represent roughly 50 percent of 
annual new vehicle sales. 

Step 6: Calculating the resulting annual greenhouse gases from a typical passenger 
vehicle 

A: Using EPA MOBILE6.2 fuel economy numbers 

Metric tons of CO2e for the average passenger vehicle = 

(VMT/passenger vehicle avg. MPG) x CO2 per gallon x (100/95) /1000 = 

(12,000/20.3) x 8.8 x (100/95)/1000 = 

5.48 metric tons CO2e for the average passenger vehicle (1.49 metric tons CE) 

B: Using DOT fuel economy numbers 

[%LDV x (LDVVMT/LDVMPG) x CO2 per gallon x (100/95) /1000] + [%LDT x (LDTVMT/LDTMPG) x 
CO2 per gallon x (100/95) /1000] = 

[0.634 x (12,000/22.1) x 8.8 x (100/95)/1000] + [0.366 x (12,000/17.6)] x 8.8 x (100/95)/1000] 
= 
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5.03 metric tons CO2e for passenger cars and 6.32 metric tons CO2e for light trucks (= 1.37 metric 
tons CE for cars and 1.72 metric tons CE for trucks) = 

5.50 metric tons CO2e for the average passenger vehicle (1.50 metric tons CE) 

Recommendation: To calculate rough translations of GHG reductions into an equivalent number of 
cars off the road, use 5.5 metric tons of CO2, or 1.5 metric tons of carbon equivalent. This number 
is rounded to the nearest tenth of a ton (using either DOT or EPA fuel economy estimates). This 
rough estimate will also allow for some variability in the underlying variables. 

CO2 only numbers 

A: Using EPA MOBILE6.2 fuel economy numbers 

Average passenger vehicle = 5.20 metric tons CO2e (1.42 metric tons CE) 

B: Using DOT fuel economy numbers 

Passenger Cars = 4.78 metric tons CO2e (1.30 metric tons CE)
 

Light Trucks = 6.00 metric tons CO2e (1.64 metric tons CE)
 

All passenger vehicles = 5.23 metric tons CO2e (1.43 metric tons CE)
 

Recommendation: For CO2 only estimate, use 5.2 metric tons CO2e, or 1.4 metric tons CE
 

Note: These calculations and the supporting data have associated variation and uncertainty. EPA 
may use other values in certain circumstances, and in some cases it may be appropriate to use a 
range of values. 

For More Information 

You can access documents on greenhouse gas emissions on the Office of Transportation and Air 
Quality web site at: 

www.epa.gov/otaq/greenhousegases.htm 

For additional information on calculating emissions of greenhouse gases, please contact Ed Coe at: 

U. S. Environmental Protection Agency
 
Office of Transportation and Air Quality
 
1200 Pennsylvania Ave., NW (6406J)
 
Washington, DC 20460
 
202-343-9629
 
E-mail: Ed Coe at coe.edmund@epa.gov
 

[1.] The International Panel on Climate Change Guidelines (IPCC) recommends a fraction of carbon 
oxidized factor of 0.99 for all oil and oil-based products. Based on the fundamentals of internal 
combustion engine design and combustion, EPA is currently examining whether this fraction is higher 
(closer to 100 percent) for gasoline vehicles in the US. 

[2.] U.S. Department of Transportation, Federal Highway Administration, "Highway Statistics 2000," 
Washington, DC, 2001. Vehicle travel and fuel use data are kept separately for 

passenger cars and light trucks. 
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[3.] EPA is currently examining ways to better disaggregate the HFC emissions from vehicles. 

[4.] Vehicles over 8500 lbs are often not included in the light truck category. These vehicles are not 
required to meet CAFE standards. Examples of these vehicles include the Hummer and the Ford 
Excursion. 
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International Maritime Organization 
Adopts Program to Control Air 
Emissions from Oceangoing Vessels 

On October 9th, the 168 Member States of the International 
Maritime Organization (IMO) adopted stringent new standards to 

control harmful exhaust emissions from the engines that power ocean
going vessels (OGVs). This is a critical first step that may eventually 
help millions of Americans and many more people around the world 
to breathe cleaner air. To fully realize the significant benefits of this 
program, countries must seek an emission control area (ECA) desig
nation from the IMO. The U.S. Environmental Protection Agency 
(EPA), in partnership with the Coast Guard, Navy, National Oceanic 
and Atmospheric Administration, Maritime Administration, and State 
Department, played a significant role in the complex negotiations 
leading up to this agreement. 

What did the IMO do? 
The IMO adopted a comprehensive program of engine and fuel standards, detailed 
in amendments to Annex VI to the International Convention for the Prevention of 
Pollution from Ships (also called MARPOL), that closely matches a proposal submitted 
by EPA and its Federal partners to the IMO last year. 

Like the original Annex VI program, the new standards are geographically-based. 
That is, ships operating in areas with air quality problems, designated as Emission 
Control Areas (ECAs), are required to meet tighter emission limits. Beginning in 
2015, new and existing ships operating in ECAs will be required to use fuel with no 
more than 1,000 parts per million (ppm) sulfur, or a 98% reduction from raday's global 
cap. Beginning in 2016 new ships operating in ECAs must also have advanced-tech
nology engines designed to cut emissions of ozone-forming oxides of nitrogen (NOx) 
by roughly 80%. The new fuel standards will phase in over time beginning with an 
interim fuel sulfur standard in 2010. The IMO did not designate any new emission 

Office ofTransportation and Air Quality n EA~ United States 
......... Environmental Protection EPA420-F-08-033 

....... Agency 
 October 2008 
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control areas in this action. Countries will need to seek such a designation in order to realize 
fully the benefits of this program. The EPA is working closely with all parts of the Federal Oov· 
ernment to prepare an application for ECA status for our coasts and will submit that application 
to IMO as soon as possible. 

Emissions from ships operating outside of designated ECAs will be reduced through engine and 
fuel standards. OOVs everywhere will be required to use fuel with at most 5,000 ppm sulfur, or 
a 90% reduction from today's global cap. This fuel standard will begin in 2020, pending a fuel 
availability review in 2018. The engine standards will apply to new engines in 2011, and to 
existing engines as certified low-emission kits become available, beginning in 2011. 

What ships are affected? 
The new international standards contained in the Annex VI amendments apply to all new 
marine diesel engines above 130 kW (175 hpj and all marine diesel fuels. For vessels flagged 
and registered in the United States, EPA's clean diesel engine and fuel standards (www.epa. 

. gov/otaq/marine.htm#2008final) will apply for all but the very largest new marine diesel engines 
(those above 30 liters per cylinder displacement). For engines above 30 liters per cylinder and 
for residual fuels, the new Annex VI standards will apply. 

Most importantly, the new international standards will apply to all new marine diesel engines 
and fuels on foreign vessels that operate near America's coasts and ports. These foreign flagged 
vessels account for the vast majority of OOV traffic in the U.S. 

How do oceangoing vessels harm U.S. air quality? 
Oceangoing vessels dock at over a hundred ports in the U.S., including some along navigable 
waterways in the nation's interior. More than 40 of these ports are in metropolitan areas that do 
not meet the National Ambient Air Quality Standards (www.epa.gov/air/criteria.html). These 
vessels also travel along our populated coasts and waterways. Most have, at best, very modest air 
pollution controls and many have no controls at all, emitting pollutants at levels (measured in 
grams per horsepower-hour) typical of highway trucks built before the 1980's. Furthermore, these 
emissions of particulate matter (PM), sulfur oxides (SOx), hydrocarbons, and NOx can degrade 
air quality for people living hundreds of miles downwind. 

We have estimated that in 2001 marine diesel engines with per-cylinder displacement of 30 li
ters or more (a group roughly corresponding to the engines covered by the new IMO standards) 
contributed 6% of the NOx coming from all mobile sources in the U.S., as well as 10% of the 
PM, and 40% of the SOx. We further estimate that without new emission controls, these contri· 
butions would have increased by 2030 to 34% of the NOx coming from all mobile sources in the 
U.S., 45% of the PM, and 94% of the SOx. Percent contributions from these marine engines in 
some port cities with poor air quality range much higher. 

1____.__ ___.. _. ___.. __ ._.__.___ . _______._... ........_. ______._.__ ..._.____._____. __._...._ ..... _._ ...___ .......... 
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What w ill this program mean for the environment? 
The final ECA standards will achieve reductions from current Tier 1 engine emission levels 
(www.epa.gov/otaq/oceanvessels.htm#tierl)of80%.85%.and95%forNOx.PM. and SOx, 
respectively. Considering the large contribution OOVs make to U.S. air quality problems, 
especially in port cities, the health benefits from these emission reductions will be very substan.. 
tial. We anticipate many billions of dollars of health and welfare benefits in the U.S. from this 
program if an ECA designation is made for U.S. coastlines. 

Why is the IMO process important? 
In today's global economy, the number of ships doing business at U.S. ports is increasing at a 
rapid rate. Very few of these ships are U.S ...f1agged, and the fuel they bum when entering U.S. 
waters has typically been obtained elsewhere, at ports all over the world. This new IMO program 
directly addresses emissions from these foreign..f1agged vessels. It requires them to meet stringent 
standards whenever they operate in designated ECAs.

....j-), 

~ 
What are the new standards?~ s The ECA fuel sulfur standards are: 

.. 10,000 ppm starting July 2010. 

.. 1,000 ppm starting January 2015. 

~ 
The global fuel sulfur standards are:u 
.. 35,000 ppm starting January 2012. 


~ .. 5,000 ppm starting January 2020 (subject to a review in 2018, but no delay past 2025). 


~ 	 The engine emission standards vary with rated engine speed according to a formula. See "Where 
can I get more information" below for details. Percent reductions from the existing Tier 1§ standards are provided below: 

~ The ECA engine emission standards are: 
.. Tier 3 for new ~ngines: 80% NOx reduction starting January 2016 (based on the use of ad~ vanced catalytic aftertreatment systems). s The global engine emission standards are: 
.. Tier 2 for new engines: 20% NOx reduction starting January 2011.

cti .. Tier 1 for existing engines: 15-20% NOx reduction from current uncontrolled levels. Manufac.. 
turers may begin certifying systems (sets of upgraded replacement parts) starting in 2010. Instal..~ 
lation will occur at a vessel's first "renewal survey" following the Tier 1 certification applicable tob¥)

d the vessel's engines. A renewal survey is a major inspection and maintenance activity, typically 
done evety 5 years. 

~ 

~ 


l.._...___...._....._.....__._...._...._._....__ ... _...___...._.._...._..........._....__._._....._...._......______..___. 
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How does this relate to EPA's recent Advance Notice on reducing pol
lution from oceangoing vessels? 
The analyses performed for the Advance Notice and the comments received by EPA in response 
to it provided valuable input into the IMO process and helped it to reach a successful outcome. 
EPA is considering the information provided in comments on the Advance notice and through 
the IMO process in our Clean Air Act rulemaking on OOVs (www.epa.gov/otaq/oceanvessels.htm). 

Where can I get more information? 
You can get more information on the IMO program and EPA's marine engine programs from the 
Office ofTransP9rtation and Air Quality (OTAQ) website: 
www.epa.gov/otaq/oceanvessels.htm and www.epa.gov/otaqfmarine.htm 

For additional information, please contact the Assessment and Standards Division at: 

U.S. Environmental Protection Agency 

Office of Transportation and Air Quality 

2000 Traverwood Drive 

Ann Arbor, MI 48105 

Information Line:734-214-4636 

E-mail: asdinfo@epa.gov 
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EPA Home> Clmate Change> Methane 


Methane (CI-Lt) is a greenhouse gas that remains in the atmosphere for 
approximately 9-15 years. Methane is over 20 times more effective in 
trapping heat in the atmosphere than carbon dioxide (C02) over a 100-year 
period and is emitted from a variety of natural and human-influenced 
sources. Human-influenced sources include landfills, natural gas and 
petroleum systems, agricultural activities, coal mining, stationary and mobile 
combustion, wastewater treatment, and certain industrial process. 

Methane is also a primary constituent of natural gas and an important 
energy source. As a result, efforts to prevent or utilize methane emissions 
can provide significant energy, economic and environmental benefits. In the 
Un~ed States, many companies are working w~h EPA in voluntary efforts to 
reduce emissions by implementing cost-effective management methods and 
technologies. 

The following links provide more information on methane and EPA's related 
activities: 

• 	 Science: 

Find out more about methane's role as a greenhouse gas. 


• 	 Sources and Emissions: 
Find out more about the sources of methane and current emission 
levels. 

• 	 Projections and Mitigation Costs: 

Find projections of future methane emissions and the costs 

associated with reducing those emissions. 


• 	 Voluntarv Programs: 
learn more about EPA's voluntary programs to reduce methane 
emissions. 

• 	 Other NOn-C02 Gases: 

learn more about the science, emissions, and reduction 

opportunities for other non-C02 greenhouse gases. 


.... \ 

Methane to Markets Partnership 
This international Partnership reduces global 
methane emissions, w~h a focus on 
cost-effective, near-term methane recovery 
from four major methane sources: landfills, 
underground coal mines, natural gas and oil 
systems, and animal waste management. 

The EPA Methane to Markets Site 
describes U.S. activities in support of the 
Methane to Markets Partnership. 

A separate, independent Methane to 
Markets website IEXIT Disclaimer! provides 
comprehensive information on the initiative 
including upcoming meetings, events, 
important documents and country 
information. 

Methane is one of several 
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Methane (CH4) is a greenhouse gas that 
remains in the atmosphere for 
approximately 9-15 years. Methane is 
over 20 times more effective in trapping 
heat in the atmosphere than carbon 
dioxide (CO2) over a 100-year period and 
is emitted from a variety of natural and 
human-influenced sources. Human-
influenced sources include landfills, natural 
gas and petroleum systems, agricultural 
activities, coal mining, stationary and 
mobile combustion, wastewater 
treatment, and certain industrial process. 

Methane is also a primary constituent of 
natural gas and an important energy 
source. As a result, efforts to prevent or 
utilize methane emissions can provide 
significant energy, economic and 
environmental benefits. In the United 
States, many companies are working with 
EPA in voluntary efforts to reduce 
emissions by implementing cost-effective 
management methods and technologies. 

The following links provide more 
information on methane and EPA's related 
activities: 

Science:
 
Find out more about methane's
 
role as a greenhouse gas.
 
Sources and Emissions:
 
Find out more about the sources of
 
methane and current emission
 
levels.
 
Projections and Mitigation Costs:
 
Find projections of future methane
 
emissions and the costs
 
associated with reducing those
 
emissions.
 
Voluntary Programs:
 
Learn more about EPA's voluntary
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Methane to Markets Partnership 
This international Partnership reduces global 
methane emissions, with a focus on 
cost-effective, near-term methane recovery 
from four major methane sources: landfills, 
underground coal mines, natural gas and oil 
systems, and animal waste management. 

The EPA Methane to Markets Site 
describes U.S. activities in support of the 
Methane to Markets Partnership. 

A separate, independent Methane to 
Markets website provides 
comprehensive information on the initiative 
including upcoming meetings, events, 
important documents and country 
information. 

Methane is one of several 
non-CO2 gases that 
contribute to global climate 
change. To learn more about 
these gases and what EPA is 
doing to reduce their impact, 
visit our Non-CO2 Gases 
page. 

2/17/2010 1:32 PM 

programs to reduce methane emissions. 
Other Non-CO2 Gases:
 
Learn more about the science, emissions, and reduction opportunities for other
 
non-CO2 greenhouse gases.
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EPA Home | Privacy and Security Notice | Contact Us
 

Last updated on Friday, April 27th, 2007
 
URL: http://www.epa.gov/methane/
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Last updated on Wednesday, September 30th, 2009. 
New Source Review (NSR) 
You are here: EPA Home Air & Radiation New Source Review Regulations & Standards Fact 
Sheet 

ACTION 

On September 30, 2009, EPA announced a proposal that is focused on large facilities 
emitting over 25,000 tons of greenhouse gases a year. These facilities would be required to 
obtain permits that would demonstrate they are using the best practices and technologies to 
minimize GHG emissions. 

The rule proposes new thresholds for greenhouse gas emissions (GHG) that define when 
Clean Air Act (CAA) permits under the New Source Review (NSR) and title V operating 
permits programs would be required for new or existing industrial facilities. 

The proposed thresholds would “tailor” the permit programs to limit which facilities would be 
required to obtain NSR and title V permits and would cover nearly 70 percent of the national 
GHG emissions that come from stationary sources, including those from the nation’s largest 
emitters—including power plants, refineries, and cement production facilities. 

Small farms, restaurants and many other types of small facilities would not be subject to 
these permitting programs. 

This proposal addresses the emissions of the group of six greenhouse gases (GHGs) that may 
be covered by an EPA rule controlling or limiting their emissions: 

1. Carbon dioxide (CO2) 
2. Methane (CH4) 
3. Nitrous oxide (N2O) 
4. Hydrofluorocarbons (HFCs) 
5. Perfluorocarbons (PFCs) 
6. Sulfur hexafluoride (SF6) 

EPA is proposing carbon dioxide equivalent (CO2e) as the preferred metric for determining 
GHG emissions rates for any combination of these six GHGs, but we are requesting comment 
in this proposal on alternatives. Emissions of greenhouse gases are typically expressed in a 
common metric, so that their impacts can be directly compared, as some gases are more 
potent (have a higher global warming potential or GWP) than others.  The international 
standard practice is to express GHGs in CO2e. Emissions of gases other than CO2 are 
translated into CO2 equivalents by using the gases’ global warming potentials. 

Under the Title V operating permits program, EPA is proposing a major source emissions 
applicability threshold of 25,000 tons per year (tpy) of carbon dioxide CO2e for existing 
industrial facilities. Facilities with GHG emissions below this threshold would not be required 
to obtain an operating permit. 

Under the Prevention of Significant Deterioration (PSD) portion of NSR—which is a permit 
program designed to minimize emissions from new sources and existing sources making 
major modifications—EPA is proposing a: 

1.	 Major stationary source threshold of 25,000 tpy CO2e. This threshold level would be 
used to determine if a new facility or a major modification at an existing facility would 
trigger PSD permitting requirements. 

1 of 4 

2.	 Significance level between 10,000 and 25,000 tpy CO2e. Existing major sources 
making modifications that result in an increase of emissions above the significance 
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level would be required to obtain a PSD permit. EPA is requesting comment on a range 
of values in this proposal, with the intent of selecting a single value for the GHG 
significance level. 

Operating permits contain air emissions control requirements that apply to a facility, such as 
national emissions standards for hazardous air pollutants, new source performance 
standards, or best available control technologies required by a PSD permit.  In general, 
since there are currently no such air emission control requirements, existing facilities with 
GHG emissions greater than 25,000 tons per year that already have operating permits would 
not need to immediately revise them. At the end of a 5-year period when the operating 
permit must be renewed, these facilities would be required to include estimates of their GHG 
emissions in their permit applications. Facilities may use the same data reported to EPA 
under the Mandatory Reporting Rule to fulfill this requirement. 

New or modified facilities with GHG emissions that trigger PSD permitting requirements 
would need to apply for a revision to their operating permits to incorporate the best 
available control technologies and energy efficiency measures to minimize GHG emissions. 
These controls are determined on a case-by-case basis during the PSD process. 

Under the proposed emissions thresholds, EPA estimates that 400 new sources and 
modifications would be subject to PSD review each year for GHG emissions. Less than 100 of 
these would be newly subject to PSD.  In total, approximately 14,000 large sources would 
need to obtain operating permits for GHG emissions under the operating permits program. 
About 3,000 of these sources would be newly subject to CAA operating permit requirements 
as a result of this action. The majority of these sources are expected to be municipal solid 
waste landfills. 

Municipal solid waste landfills are the second largest source of human-related methane 
emissions in the United States, accounting for approximately 23 percent of these emissions 
in 2007. Landfill methane, a powerful greenhouse gas, can be captured, converted, and used 
as an energy source, reducing emissions and providing an important renewable energy 
source. 

The current thresholds for criteria pollutants such as lead, sulfur dioxide and nitrogen 
dioxide, are 100 and 250 tons per year (tpy). These thresholds are in effect now, and are 
appropriate for criteria pollutants.  However, they are not feasible for GHGs.  Without the 
tailoring rule, these lower thresholds would take effect automatically for GHGs with the 
adoption of any EPA rule that controls or limits GHG emissions. 

The proposed thresholds would continue to preserve the ability of the NSR and title V 
operating permit programs to achieve and maintain public health and environmental 
protection goals while avoiding an administrative burden that would prevent state and local 
permitting authorities from processing CAA permits efficiently. 

EPA will accept comment on this proposal for 60 days after publication in the Federal 
Register. 

NEXT STEPS 

The final emissions thresholds for GHG emissions under the federal PSD and operating 
permits programs will take effect immediately upon promulgation of the final rule.  At that 
time, EPA will put the new thresholds into effect in state, local and tribal agency programs 
that run PSD and Title V operating programs under EPA approval.  Those agencies will 
continue to have the option to seek EPA approval for lower thresholds if they demonstrate 
that they can adequately implement the PSD program at the lower thresholds. 

EPA intends to evaluate ways to streamline the process for identifying GHG emissions 
control requirements and issuing permits. This will reduce costs and increase efficiency for 
both sources and for state permitting agencies, which in most cases are responsible for 
issuing the permits. 

Under the proposal, EPA must also re-evaluate the final GHG emissions thresholds after an 
initial phase, during which PSD and Title V permitting authorities will gain experience in 
issuing permits to GHG sources. By the end of the first phase, which is proposed to last five 
years, the Agency is proposing to complete a study to evaluate whether it is administratively 
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feasible for PSD and Title V permitting authorities to adequately administer their programs 
at lower GHG thresholds. 

After reviewing the study results, EPA will complete a follow-on regulatory action, within one 
year (six years following promulgation of this rule). The follow-on rule will establish 
thresholds during the second phase, by either: 

1.	 Confirming the need to retain the GHG permitting thresholds for PSD and/or Title V at 
the levels promulgated with this rulemaking; or 

2.	 Establishing different GHG threshold levels that more accurately reflect the 
administrative capabilities of permitting authorities to address GHGs. 

EPA believes that a five-year duration for the first phase is appropriate but the Agency 
requests comment on alternative time periods. 

EPA also plans to develop supporting information to assist permitting authorities as they 
begin to address permitting actions for GHG emissions for the first time. The guidance would 
first cover source categories that typically emit GHGs at levels exceeding the thresholds 
established through this rulemaking. 

Although EPA has not yet identified specific source categories, the Agency plans to develop 
sector- and source-specific guidance that would help permitting authorities and affected 
sources better understand GHG emissions for the selected source categories, methods for 
estimating those emissions, control strategies for GHG emissions, and available GHG 
measurement and monitoring techniques. 

This guidance also will include approaches for making Best Available Control Technology 
determinations as required for a PSD permit. 

BACKGROUND 

On April 2, 2007, the Supreme Court found that GHGs, including carbon dioxide, are air 
pollutants covered by the CAA. Massachusetts v. EPA, 549 U.S. 497 (2007). 

The Supreme Court found that EPA was required to determine whether or not emissions of 
GHGs from new motor vehicles cause or contribute to air pollution which may reasonably be 
anticipated to endanger public health or welfare, or whether the science is too uncertain to 
make a reasoned decision. In April 2009, EPA responded to the Court by proposing a finding 
that greenhouse gases contribute to air pollution that may endanger public health or 
welfare. 

EPA expects soon to take final action on the finding. The agency also expects to issue 
regulations under the Clean Air Act to control GHG emissions from light duty vehicles 
(proposal signed 9/15/09).  Such an action will trigger Clean Air Act permitting requirements 
under the Prevention of Significant Deterioration (PSD) and Operating Permit (title V) 
programs for GHG emissions.  This will be the first time GHGs would be subject to either of 
these Clean Air Act permitting programs. 

Congress established the NSR program as part of the 1977 Clean Air Act Amendments and 
modified it in the 1990 Amendments. NSR is a preconstruction permitting program that 
serves two important purposes: 

1.	 Ensures the maintenance of air quality standards or, where there are not air quality 
standards, it ensures that air quality does not significantly worsen when factories, 
industrial boilers, and power plants are modified or added. In areas that do not meet 
the national ambient air quality standards, NSR assures that new emissions do not 
slow progress toward cleaner air.  In areas that meet the standards, especially pristine 
areas like national parks, NSR assures that new emissions fall within air quality 
standards. 

2.	 Ensures that state-of-the-art control technology is installed at new plants or at 
existing plants that are undergoing a major modification. 

New major stationary sources and major modifications at existing major stationary sources 
that meet emissions applicability thresholds outlined in the Clean Air Act and in existing PSD 
regulations must obtain a PSD permit outlining how they will control emissions.  The permit 
requires facilities to apply best available control technology (BACT), which is determined on 
a case-by-case basis taking into account, among other factors, the cost and effectiveness of 
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the control. 

The Clean Air Act Amendments of 1990 required that all states develop operating permit 
programs. Under these programs, known as Title V operating permits programs, every 
major industrial source of air pollution (and some other sources) must obtain an operating 
permit.  The permits, which are reviewed every five years, contain all air emission control 
requirements that apply to the facility, including the requirements established as part of the 
preconsturction permitting process. 

HOW TO COMMENT 

EPA will accept comment on the proposal for 60 days after publication in the Federal 
Register. Comments, identified by Docket ID No. EPA-HQ-OAR-2009-0517, may be 
submitted by one of the following methods: 

www.regulations.gov: Follow the online instructions for submitting comments. 
E-mail: Comments may be sent by electronic mail (e-mail) to a-and-r-docket@epa.gov. 
Fax: Fax your comments to:  (202) 566-9744. 
Mail: Send your comments to: EPA Docket Center, EPA West (Air Docket), Attention 
Docket ID No. EPA-HQ-OAR-2009-0517, U.S. Environmental Protection Agency, 
Mailcode: 2822T, 1200 Pennsylvania Avenue, NW, Washington, DC 20460. 
Hand Delivery or Courier: Deliver your comments to: .S. Environmental Protection 
Agency, EPA West (Air Docket), 1301 Constitution Avenue, Northwest, Room 3334, 
Washington, DC 20004, Attention Docket ID No. EPA-HQ-OAR-2009-0517.  Such 
deliveries are only accepted during the Docket’s normal hours of operation, and special 
arrangements should be made for deliveries of boxed information 

FOR MORE INFORMATION 

To download a copy of this notice, go to EPA's Web site at: http://www.epa.gov/nsr. 

Today's proposed action and other background information are also available electronically 
at http://www.regulations.gov, EPA’s electronic public docket and comment system.  The 
docket number for this action is Docket ID No. EPA-HQ-OAR-2009-0517. 

For more information on the final rule, contact Joseph Mangino at (919) 541-9778 or 
mangino.joseph@epa.gov. 
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You are here: EPA Home Climate Change Regulatory Initiatives Final Mandatory Reporting of 
Greenhouse Gases Rule 

Final Mandatory Reporting of Greenhouse Gases Rule 
Rulemaking Notices 
Resources by Subpart 
Resources and Tools 
Training Opportunities 
Background 
Rule Help Center 

In response to the FY2008 Consolidated Appropriations Act (H.R. 
2764; Public Law 110–161), EPA has issued the Final Mandatory 
Reporting of Greenhouse Gases Rule. The rule requires reporting of 
greenhouse gas (GHG) emissions from large sources and suppliers 
in the United States, and is intended to collect accurate and timely 
emissions data to inform future policy decisions. 

Under the rule, suppliers of fossil fuels or industrial greenhouse 
gases, manufacturers of vehicles and engines, and facilities that 
emit 25,000 metric tons or more per year of GHG emissions are 
required to submit annual reports to EPA. The gases covered by the 
proposed rule are carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O), hydrofluorocarbons (HFC), perfluorocarbons (PFC), 
sulfur hexafluoride (SF6), and other fluorinated gases including 
nitrogen trifluoride (NF3) and hydrofluorinated ethers (HFE). 

The final rule was signed by the Administrator on September 22, 
2009. On October 30, 2009, the final rule was published in the 
Federal Register (www.regulations.gov) under Docket ID No. 
EPA-HQ-OAR-2008-0508-2278.  The rule will be effective December 
29, 2009. This action includes final reporting requirements for 31 
of the 42 emission sources listed in the proposal. At this time, EPA is 
not finalizing the remaining source categories as we further consider 
comments and options. 

EPA’s new reporting system will provide a better understanding of 
where GHGs are coming from and will guide development of the 
best possible policies and programs to reduce emissions. 

This comprehensive, nationwide emissions data will help in the fight 
against climate change. 
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Press Release 
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Chapter 1. Introduction 

1.1 Overview 
Hyperion Refining LLC (“Hyperion”) has requested RTP Environmental Associates, Inc. 
(“RTP”) prepare a Best Available Control Technology (“BACT”) analyze for the increase in 
carbon dioxide (CO2) emissions from the Hyperion Energy Center (“HEC”) in Union County, 
South Dakota.  This report presents the results of that analysis. It is assumed that the reader has 
access to the air quality permit application submitted to the South Dakota Department of 
Environment and Natural Resources in December 2007; the facility description and emissions 
calculations presented in that application are not repeated herein. 

The proposed HEC will comprise a greenfield petroleum refinery and an integrated gasification 
combined cycle (“IGCC”) power plant. The planned refinery is a 400,000 barrel per day, highly-
complex, full-conversion refinery that will produce clean transportation fuels such as ultra-low 
sulfur gasoline and ultra-low sulfur diesel. 

By its nature, petroleum refining requires transforming crude oil into products that can be 
combusted efficiently in internal combustion engines.  To support the refining process, 
significant energy sources are required to provide process heat, steam, electricity and hydrogen. 
The HEC is unique in that it is designed to be nearly self-sufficient with regard to generation of 
hydrogen, steam, and electric power.  This self-sufficiency will be achieved using petroleum 
coke that is produced on site, as a byproduct of the refining process, as the fuel source for the 
gasification process. 

1.2 CO2 Emissions 
As with other refineries, the carbon input to the HEC will be primarily in the form of crude oil 
feedstock and will include other sources such as natural gas.  In the HEC, approximately 82 
percent of the carbon entering the facility will exit in the form of liquid fuel products, primarily 
gasoline and diesel fuel. The remaining approximately 18 percent of carbon input will exit as 
CO2 emissions resulting from the combustion and chemical processes used to produce the heat, 
steam, electricity, and hydrogen required by the refinery. 

The HEC will produce approximately 19 million short tons per year (STPY) of CO2. These 
emissions will occur primarily from three categories of emissions units: 

• Petroleum coke gasification process (approximately 50 percent of total), 
• Combustion turbines in the power block (approximately 26 percent of total), and 
• Refinery process heaters (approximately 24 percent of total). 

1
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Carbon dioxide is a combustion product of any carbon-containing fuel. All fossil fuels contain 
significant amounts of carbon.  In the combustion of a fossil fuel, the fuel carbon is oxidized into 
carbon monoxide (CO) and CO2. Full oxidation of fuel carbon to CO2 is desirable because CO 
has long been a regulated pollutant with established adverse health impacts, and because full 
combustion releases more useful energy within the process. In addition, emitted CO gradually 
oxidizes to CO2 in the atmosphere. 

Table 1.2-1 presents the amount of CO2 formed when combusting fossil fuels, including the fuels 
that will be used at the HEC. 

Table 1.2-1. CO2 Emission Factors 
FUEL Pounds CO2 per Million Btu 

Petroleum Coke 225 * 

Coal 210 * 

Residual Oil 174 * 

Refinery Fuel Gas ≈ 120 

Natural Gas 117 * 

HEC Syngas ≈ 76 
* Energy Information Administration at 
http://www.eia.doe.gov/oiaf/1605/coefficients.html 

As the table shows, gaseous fossil fuels contain the least amount of carbon and solid fossil fuels 
contain the highest amount of carbon. The primary other combustible element in fossil fuels is 
hydrogen, which when combusted or oxidized becomes water vapor. 

Unlike fossil fuel-fired electric power plants, which emit CO2 from one stack or a small number 
of stacks located in proximity to one another, petroleum refinery CO2 emissions are generated 
and emitted from sources and stacks scattered throughout the facility. As such, full capture of 
CO2 emissions from the many stacks located throughout the HEC would be inefficient, 
challenging, and costly.  Additionally, most of CO2-emitting units at the HEC combust relatively 
low-carbon refinery fuel gas and natural gas, yielding exhaust gas CO2 concentrations half that 
of solid fuel combustion sources.  Table 1.2-2 lists the CO2-emitting units at the HEC and the 
quantities of CO2 emitted. 

1.3 Premise for BACT Analysis 
Under federal and South Dakota law and regulations, the requirement for BACT applies to 
pollutants that are subject to regulation under the federal Clean Air Act.  Current regulations do 
not extend to CO2, so BACT is not applicable to CO2 emissions from the HEC.  However, 
Hyperion and RTP recognize adding CO2 emissions is an important issue, on which the political, 
regulatory, and legal framework may be changing. For purposes of this analysis, RTP assumes, 
arguendo, that CO2 is subject to the BACT requirement applicable to regulated pollutants under 
40 CFR § 52.21. 

2
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Table 1.2-2. HEC CO2 Emissions 

# of Units1 Fuel 

Max. Firing 
Rate 

[MMBtu/hr] 
Emission 
Rate Total 

Emission 
Rate per 

Unit % of Total 
IGCC (HHV) [ton/yr] [ton/yr] 

2 CO2 Vent NA 8,541,956 4,270,978 48% 
4 Combustion Turbines 1677.4 3,986,530 996,633 23% 

PROCESS HEATERS 
2 CCR Platforming 824.52 933,155 466,577 5% 
2 Hydrocracker Frac Section 675.52 764,524 382,262 4% 
1 Oleflex 604.43 342,037 342,037 2% 
2 CDU/VDU 530.15 600,002 300,001 3% 
2 CCR Platforming 492.85 557,792 278,896 3% 
1 NHT with Splitter 246.84 139,684 139,684 1% 
2 Delayed Coker Unit 242.46 274,401 137,201 2% 
2 Delayed Coker Unit 242.46 274,401 137,201 2% 
2 CDU/VDU 214.66 242,946 121,473 1% 
1 NHT with Splitter 199.60 112,949 112,949 1% 
1 NHT with Splitter 168.78 95,507 95,507 1% 
1 DHT 140.55 79,533 79,533 0% 
1 CCR Reformate Splitter 138.00 78,090 78,090 0% 
2 Hydrocracker Rxn Section 66.86 75,671 37,835 0% 
2 Hydrocracker Rxn Section 66.86 75,671 37,835 0% 
2 Hydrocracker Rxn Section 66.86 75,671 37,835 0% 
2 Hydrocracker Rxn Section 64.91 73,457 36,729 0% 
2 Hydrocracker Rxn Section 64.91 73,457 36,729 0% 

MISCELLANEOUS 
17 SRUs, Flares, etc. NA 264,110 15,536 1% 

17,661,544 

As with the BACT analyses performed for regulated pollutants, this BACT analysis for CO2 
covers only emissions occurring from emissions units at the HEC.  Emissions that will occur 
offsite due to combustion of the transportation fuels produced at the HEC are not subject to the 
BACT requirement. Similarly, this analysis does not cover CO2 emissions that may occur at 
other sites or facilities to which CO2-containing exhaust gases from the HEC may be transferred 
or transported.  This BACT analysis conservatively assumes that any CO2 that is captured at the 
HEC and transported offsite for use or disposal, such as through sequestration, will be 100 
percent effective. In practice, the effectiveness of such disposition would be less, and some 
fraction of the CO2 emissions capture that would be achieved at the HEC would be emitted from 
transportation pipelines or offsite sources.  Those emissions are omitted from this analysis for 
simplicity, which may have the effect of overstating the environmental benefit of certain CO2 
control options considered in the analysis. 

1 There will actually be 5 combustion turbines, including one spare.  Emissions are calculated as if four units will 
operate continuously at 100 percent capacity; in actuality, all five units will operate at less than 100 percent 
capacity. 
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Chapter 2. BACT Overview 

2.1 Best Available Control Technology Definition 
The PSD regulations define BACT at 40 CFR § 52.21(b)(12) as follows: 

“[BACT] means an emissions limitation (including a visible emission standard) based on the
 
maximum degree of reduction for each pollutant subject to regulation under Act which would
 
be emitted from any proposed major stationary source or major modification which the
 
Administrator, on a case-by-case basis, taking into account energy, environmental, and
 
economic impacts and other costs, determines is achievable for such source or modification 

through application of production processes or available methods, systems, and techniques,
 
including fuel cleaning or treatment or innovative fuel combustion techniques for control of
 
such pollutant. In no event shall application of best available control technology result in
 
emissions of any pollutant which would exceed the emissions allowed by any applicable
 
standard under 40 CFR parts 60 and 61. If the Administrator determines that technological or
 
economic limitations on the application of measurement methodology to a particular
 
emissions unit would make the imposition of an emissions standard infeasible, a design,
 
equipment, work practice, operational standard, or combination thereof, may be prescribed
 
instead to satisfy the requirement for the application of best available control technology.
 
Such standard shall, to the degree possible, set forth the emissions reduction achievable by
 
implementation of such design, equipment, work practice or operation, and shall provide for
 
compliance by means which achieve equivalent results.”
 

2.2 Methodology for BACT Analyses 
The PSD regulations do not prescribe a procedure for conducting BACT analyses. Instead, the 
U.S. EPA has consistently interpreted the BACT requirement as containing two core criteria: 
First, the BACT analysis must include consideration of the most stringent available technologies, 
i.e., those that provide the “maximum degree of emissions reduction.” Second, any decision to 
require as BACT a control alternative that is less effective than the most stringent available must 
be justified by an analysis of objective indicators showing that energy, environmental, and 
economic impacts render the most stringent alternative unreasonable or otherwise not achievable. 

U.S. EPA has developed what it terms the “top-down” approach for conducting BACT analyses 
and has indicated that this approach will generally yield a BACT determination satisfying the 
two core criteria. Under the “top-down” approach, progressively less stringent control 
technologies are analyzed until a level of control considered BACT is reached, based on the 
environmental, energy, and economic impacts.  The top-down approach was utilized in this 
BACT analysis. 

The five basic steps of a top-down BACT analysis are listed below: 
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1.	 Identify all available control technologies with practical potential for application to the 
specific emission unit for the regulated pollutant under evaluation; 

2.	 Eliminate all technically infeasible control technologies; 
3.	 Rank remaining control technologies by effectiveness and tabulate a control hierarchy; 
4.	 Evaluate most effective controls and document results; and 
5.	 Select BACT, which will be the most effective practical option not rejected, based on 

economic, environmental, and/or energy impacts. 

2.3 BACT Baseline 
The statutory definition of BACT states: 

“In no event shall application of ‘best available control technology’ result in emissions of 
any pollutants which will exceed the emissions allowed by any applicable standard 
established pursuant to section 111 or 112 of [the Clean Air Act].” 

Because CO2 is not currently regulated under sections 111 or 112 of the Clean Air Act, there are 
no regulatory CO2 emission limitations that would establish a control technology “baseline” for 
this BACT analysis. The performance and costs of identified CO2 control technologies are 
therefore compared to uncontrolled baselines in this analysis. 

2.4 BACT Technical Feasibility Criteria 
In the second step of the BACT analysis, control technologies are evaluated for technical 
feasibility. Technical infeasibility will be demonstrated through clear physical, chemical, or 
other engineering principles that demonstrate that technical difficulties preclude the successful 
use of the control option.  In addition, the technology must be commercially available for it to be 
considered as a candidate BACT technology. U.S. EPA’s draft New Source Review Manual 
summarizes the technical feasibility criteria as follows:  

Technologies which have not yet been applied to (or permitted for) full scale operations 
need not be considered available; an applicant should be able to purchase or construct a 
process or control device that has already been demonstrated in practice. 

In general, a technically feasible control technology is one that has been demonstrated to 
function efficiently on an emissions unit that is identical or similar to the emissions unit under 
review. For the purposes of assessing technical feasibility, the determination of whether an 
emissions unit should be considered to be identical or similar is based upon the physical and 
chemical characteristics of the gas stream to be controlled. A control method applicable to one 
emissions unit may not be technically feasible for an apparently similar source depending on 
differences in physical and chemical gas stream characteristics. 
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Chapter 3. BACT for CO2 Vents 

3.1 Step 1 – Identify Control Options 
The only identified strategy for mitigating CO2 emissions from the acid gas removal process at 
the HEC is carbon capture and storage (“CCS,” also referred to as “carbon capture and 
sequestration”). As indicated by the name, this technique involves capturing CO2, transporting it 
as necessary, and permanently storing it instead of releasing it into the atmosphere. The process 
involves three main steps: 

•	 Capturing CO2 at its source by separating it from other gases produced by an 
industrial process; 

•	 Transporting the captured CO2 to a suitable storage location (typically in 
compressed form); and 

•	 Storing the CO2 away from the atmosphere for a long period of time, for instance 
in underground geological formations, in the deep ocean, or within certain 
mineral formations. 

It should be noted that one other identified option for achieving the hydrogen, steam, and electric 
power production that will be achieved by the IGCC power plant at the HEC is the use of natural 
gas as feed to a hydrogen production process and as fuel for a combined-cycle power plant.  The 
petroleum coke produced at the HEC would be sold as a product for off-site use, such as in a 
pulverized coal-fired power plant. This option is fundamentally inconsistent with the design of 
the HEC, which is a petroleum refinery that maximizes the utilization of petroleum and 
petroleum intermediates. Because the use of natural gas in this manner would fundamentally 
redefine the design of the HEC, it is not considered further in this analysis. 

3.1.1 Capture 
Isolation of relatively pure CO2 is inherent to the acid gas removal process at the HEC. 

3.1.2 Transportation 
As discussed in Section 3.1.3, below, carbon storage is possible only in a very limited number of 
sites, and the site of the HEC is not a suitable storage location. Accordingly, the captured CO2 
must be transported to a suitable storage site in order to achieve any environmental benefit. 
Pipelines are the most common method for transporting large quantities of CO2 over long 
distances. 

The oldest long-distance CO2 pipeline in the United States is the 140 mile Canyon Reef Carriers 
Pipeline (in Texas), which began service in 1972 for Enhanced Oil Recovery (“EOR”) in 
regional oil fields. Other large CO2 pipelines have been constructed since then, mostly in the 
mid-continent, Western United States, to transport CO2 for EOR. These pipelines carry CO2 
from naturally-occurring underground reservoirs, natural gas processing facilities, ammonia 
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manufacturing plants, and a large coal gasification project to oil fields. Altogether, 
approximately 3,600 miles of CO2 pipeline operate today in the United States. 

Pipeline transportation of CO2 is typically accomplished with CO2 that is compressed to its 
supercritical state, involving pressures of 1200 to 2000 pounds per square inch. This 
compression requires high levels of energy consumption. In addition, water must be eliminated 
from CO2 pipeline systems, as the presence of water results in formation of carbonic acid, which 
is extremely corrosive to carbon steel pipe.  The primary compressor stations are located at the 
CO2 source and where the CO2 is injected, and booster compressors located as needed along the 
pipeline. In overall construction, CO2 pipelines are similar to natural gas pipelines, requiring the 
same attention to design, monitoring for leaks, and protection against overpressure, especially in 
populated areas. All of these technical issues can be addressed through modern pipeline 
construction and maintenance practices. 

3.1.3 	Storage 
There are several options being explored and employed for permanent storage of CO2. These 
options include gaseous storage in various deep geological formations (including saline 
formations, exhausted oil and gas fields, and unmineable coal seams), liquid storage in the ocean, 
solid storage by reaction of CO2 with metal oxides to produce stable carbonates, and terrestrial 
sequestration. 

3.2	 Step 2 – Eliminate Technically Infeasible Control 
Options 

Capture, compression, and transportation of CO2 from the acid gas removal process at the HEC 
are technically feasible. Of the CO2 storage options listed in Section 3.1.3, only a limited 
number are technically feasible, as discussed below. 

3.2.1.1	 Geologic Formations 
The geologic formations considered appropriate for CO2 storage are layers of porous rock deep 
underground that are “capped” by a layer or multiple layers of non-porous rock above them. In 
this application a well is drilled down into the porous rock and pressurized CO2 is injected into it. 
Under high pressure, CO2 turns to liquid and can move through a formation as a fluid. Once 
injected, the liquid CO2 tends to be buoyant and will flow upward until it encounters a barrier of 
non-porous rock, which can trap the CO2 and prevent further upward migration. 

There are other mechanisms for CO2 trapping as well: CO2 molecules can dissolve in brine, 
react with minerals to form solid carbonates, or adsorb in the pores of porous rock. The degree 
to which a specific underground formation is amenable to CO2 storage can be difficult to 
determine. Research is being performed today which is aimed at developing the ability to 
characterize a formation before CO2 injection in order to predict its CO2 storage capacity. 
Another area of research is the development of CO2 injection techniques that achieve broad 
dispersion of CO2 throughout the formation, overcome low diffusion rates, and avoid fracturing 
the cap rock. 
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Several of the major unresolved issues with respect to CO2 sequestration pertain to the legal 
framework for closing and remediating geologic sites, including liability for accidental releases 
from these sites.  The Federal government has recently proposed regulations outlining 
requirements that owners or operators must demonstrate and maintain with respect to financial 
responsibility. These regulations are proposed under the authority of the Safe Drinking Water 
Act and do not address ambient air impacts.2 Until the financial responsibility issues are defined 
and codified by the Federal government, companies and most likely states will not undertake 
commercial geologic CO2 sequestration activities beyond those states that already have 
regulations for EOR. There are several types of geologic formations in which CO2 can be stored, 
and each has different opportunities and challenges as briefly described below: 

3.2.1.1.1 Depleted oil and gas reservoirs 
These are formations that held crude oil and natural gas at some time. In general, they are 
characterized by a layer of porous rock with a layer of non-porous rock which forms a dome. 
This dome offers great potential to trap CO2 and makes these formations excellent sequestration 
opportunities. 

As a value-added benefit, CO2 injected into a depleting oil reservoir can enable recovery of 
additional oil and gas. When injected into a depleted oil bearing formation, the CO2 dissolves in 
the trapped oil and reduces its viscosity.  This improves the ability of oil to move through the 
pores in the rock and flow with a pressure differential toward a recovery well. A CO2 flood 
typically enables recovery of an additional 10 to 15 percent of the original oil in place. 
Enhanced oil recovery and enhanced gas recovery are commercial processes and in demand 
recently with high commodity prices. It is estimated that 50 to 90 billion metric tons of 
sequestration potential exists in mature oil and gas reservoirs identified by the Regional Carbon 
Sequestration Partnerships (RCSPs). Formed by the U.S. Department of Energy in 2003, the 
seven Partnerships span 40 states, three Indian nations, and four Canadian provinces.3 There are 
no known oil or gas reservoirs providing CO2 sequestration opportunities within the immediate 
vicinity of the HEC, but there are oil fields in Otsego County, in southwestern Nebraska, 
approximately 300 miles from HEC, and in southwestern North Dakota approximately 400 miles 
from HEC, that have significant EOR opportunity.4 These oil fields provide a sequestration 
opportunity that is considered technically feasible for the HEC. 

3.2.1.1.2 Unmineable coal seams 
Unmineable coal seams are those that are too deep or too thin to be mined economically. All 
coals have varying amounts of methane adsorbed onto pore surfaces, and wells can be drilled 
into unmineable coal beds to recover this coal bed methane (“CBM”).  Initial CBM recovery 
methods, dewatering and depressurization, leave an appreciable amount of CBM in the reservoir. 
Additional CBM recovery can be achieved by sweeping the coal bed with nitrogen or CO2, 
which preferentially adsorbs onto the surface of the coal, releasing the methane. Two or three 
molecules of CO2 are adsorbed for each molecule of methane released, thereby providing an 
excellent storage sink for CO2. Like depleting oil reservoirs, unmineable coal beds are a good 
early opportunity for CO2 storage. 

2 40 CFR Parts 144 and 146: Federal Requirements under the Underground Injection Control (UIC) Program for
 
Carbon Dioxide (CO2G4) Geologic Sequestration (GS) Wells.
 
3 “Carbon Sequestration Atlas of the United States and Canada”, page 13 of: 

http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlas/National%20Perspectives.pdf
4 Ibid. Page 69. 
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One potential barrier to injecting CO2 into unmineable coal seams is swelling. When coal 
adsorbs CO2, it swells in volume.  In an underground formation swelling can cause a sharp drop 
in permeability, which not only restricts the flow of CO2 into the formation but also impedes the 
recovery of displaced CBM. Two possible solutions to this challenge include angled drilling 
techniques and fracturing. 

It is estimated that 150 to 200 billion metric tons of CO2 sequestration potential exists in 
unmineable coal seams identified by the RCSPs. 5 Such seams are known to exist in the vicinity 
of the HEC in southwestern North Dakota, approximately 400 miles from HEC, and central 
Iowa, approximately 200 miles from HEC.6 Although CO2 sequestration in unmineable coal 
seams may be technically feasible, it is much less developed and proven relative to EOR. As 
such, CO2 sequestration in unmineable coal seams will not be considered further in this analysis 
based on the limited development and because the coal seams are not any closer to HEC as the 
EOR sites. 

3.2.1.1.3 Saline formations 
Saline formations are layers of porous rock that are saturated with brine.  They are much more 
commonplace than coal seams or oil and gas bearing rock, and represent an enormous potential 
for CO2 storage capacity.  The RCSPs estimate a range of 3,300 to 12,000 billion metric tons of 
sequestration potential in saline formations.7 However, much less is known about saline 
formations than is known about crude oil reservoirs and coal seams, and there is a greater 
amount of uncertainty associated with their ability to store CO2. Saline formations contain 
minerals that could react with injected CO2 to form solid carbonates. The carbonate reactions 
have the potential to be both a positive and a negative. They can increase permanence but they 
also may plug up the formation in the immediate vicinity of an injection well.  Additional 
research is required to better understand these potential obstacles and how best to overcome 
them.8 Such saline formations are known to exist in the vicinity of the HEC in northwestern 
South Dakota, approximately 250 miles from HEC, and southwestern Nebraska, approximately 
300 miles from HEC.9 Although CO2 sequestration in saline formations may be technically 
feasible, it is much less developed and proven in comparison to EOR.  As such, CO2 
sequestration in saline formations will not be considered further in this analysis based on the 
limited development and because the saline formation are not any closer to HEC as the EOR 
sites. 

3.2.1.1.4 Basalt formations 
Basalts are geologic formations of solidified lava.  Basalt formations have a unique chemical 
makeup that could potentially convert all of the injected CO2 to a solid mineral form, thus 
permanently isolating it from the atmosphere.  Current research is focused on enhancing and 
utilizing the mineralization reactions and increasing CO2 flow within a basalt formation. 
Although oil and gas-rich organic shale and basalt research is in its infancy, these formations 
may, in the future, prove to be optimal storage sites for sequestering CO2 emissions. This CO2 

5 Ibid. page 14. 
6 Ibid. page 63. 
7 Ibid. page 20. 
8 Ibid, page 15 
9 Ibid. page 63. 
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sequestration technique is considered technically infeasible for the HEC at this time due to its 
limited development, and it will not be considered further in this analysis. 

3.2.1.2 Terrestrial Ecosystems 
Terrestrial sequestration is the enhancement of CO2 uptake by plants that grow on land and in 
freshwater and, importantly, the enhancement of carbon storage in soils where it may remain 
more permanently stored. Terrestrial sequestration provides an opportunity for low-cost CO2 
emissions offsets.  Early efforts include tree-plantings, no-till farming, and forest preservation. 
To date, there are no applications that would be large enough to handle 10 to 19 million tons per 
year of CO2. 

Carbon can be sequestered in terrestrial ecosystems by:10 

1.	 Increasing the amount of aboveground biomass in an ecosystem. Biomass is matter 
originally created by living organisms such as trees, leaves, and bacteria. The ultimate 
origin of the carbon in virtually all biomass is atmospheric CO2, so storing biomass is 
storing atmospheric carbon. Dry biomass is roughly 50% carbon by weight. Forest 
ecosystems contain more living biomass than any other ecosystem so converting 
grasslands or croplands to forest is one way of sequestering carbon. 

2.	 Increasing the amount of carbon held in soils. Soil carbon originates primarily from plant 
and fungal material which is then processed by other fungi and bacteria. Soil carbon can 
also originate from charcoal or char created when an ecosystem burns. Many factors 
control how much carbon goes into soil and how long the carbon stays in the soil. 

Both approaches can be addressed simultaneously on the same piece of land. In general 
croplands store less carbon than grasslands which store less carbon than forests. Grasslands are 
particularly good at storing carbon in soils because they often have extensive and deep roots. 
Soil carbon is less vulnerable to rapid loss than aboveground biomass which can be quickly lost 
to the atmosphere in a fire. 

Sequestration of carbon in terrestrial ecosystems is a low-cost option that may be available in the 
near-term to mitigate increasing atmospheric CO2 concentrations, while providing additional 
benefits. Storing carbon in terrestrial ecosystems can be achieved through maintenance of 
standing aboveground biomass, utilization of aboveground biomass in long-lived products, or 
protection of carbon (organic and inorganic) compounds present in soils. There are potential co-
benefits from efforts to sequester carbon in terrestrial ecosystems. For example, long-lived 
valuable products (wood) are produced, erosion would be reduced, soil productivity could be 
improved through increased capacity to retain water and nutrients, and marginal lands could be 
improved and riparian ecosystems restored. Another unique feature of the terrestrial 
sequestration option is that it is the only option that is “reversible” should it become desirable 
and permissible. For example, forests that are created are thus investments which could be 
harvested should CO2 emissions be reduced in other ways to acceptable levels 50-100 years from 
now. 

10 “Carbon Sequestration in Terrestrial Ecosystems: A Status Report on R&D Progress”, Gary K. Jacobs, et. al., Oak 
Ridge National Laboratory, Oak Ridge, TN. August 2000. 
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However, due to the undemonstrated cost and effectiveness of terrestrial ecosystem sequestration 
options for storing 10 to 18 million tons per year of CO2 over the life of the HEC, this 
sequestration option is considered technically infeasible and will not be further evaluated as 
BACT. 

3.3	 Step 3 - Characterize Control Effectiveness of 
Technically Feasible Control Options 

The only technically feasible strategy for mitigating CO2 emissions from the acid gas removal 
process at the HEC is CCS. For the purposes of this analysis, depleted oil and gas reservoirs 
with EOR potential are assumed to represent the best option for long-term storage.  This control 
option is assumed to be 100 percent effective and to result in a CO2 emission reduction of 
approximately 8.5 million tons per year. 

3.4	 Step 4 - Evaluate More Effective Control Options 
The exhaust stream from the CO2 vent will be suitable for transporting by pipeline, with a purity 
of approximately 98 percent CO2, but will need to be dried and boosted in pressure from 900 
pounds per square inch to 2000 pounds per square inch.11 These requirements would increase 
the electrical load on the IGCC power plant by 267 megawatts (“MW”), which would 
significantly increase fuel and energy use and would increase air emissions by approximately 
175 tons of PM-2.5, 86 tons of NOX, 50 tons of SO2, 53 tons of CO, and 13 tons of VOC per 
year.  The estimated capital costs for equipment needed for compression, pipeline transportation, 
and injection/storage are approximately $650 million. The levelized annual cost, including 
operating cost, is estimated to be approaicmately $300 million per year. The resulting avoided 
cost of CO2 CCS is approximately $43 per ton CO2 sequestered. 

It has been assumed for this analysis that the recovered CO2 from the acid gas removal process at 
the HEC could be used to provide value in an EOR opportunity.  The IPCC special report on 
CCS estimated a credit of $10 to $16 per metric tonne of CO2 for EOR but does not include long 
term monitoring and maintenance costs.12 Assuming the cost benefit of EOR, this reduces the 
avoided cost of CO2 for CCS $10 per ton, making the net levelized annual cost approximately 
$33 per ton of CO2. 

In RTP’s experience, there is no precedent for determining the costs that are reasonable for CO2 
emission reduction in the context of a BACT analysis. In the absence of such precedent, market 
values of these reductions have been used for comparison.  Currently, the market price of carbon 
credits traded on the Chicago Climate Exchange is less than $2/metric tonne of CO2, or 
approximately $1.80 per short ton; the current market price on the European Climate Exchange, 
where the market is more established, is approximately $12 per short ton. Based on these values, 
the cost of CCS for the acid gas removal process at the HEC is not reasonable.  In conjunction 

11 Compressing captured CO2 to pipeline pressure (1,200–2,000 pounds per square inch (psi)) represents a large 
parasitic load. http://www.netl.doe.gov/technologies/carbon_seq/core_rd/co2capture.html.
 
12 IPCC Special Report on Carbon Dioxide Capture and Storage. Intergovernmental Panel on Climate Change.
 
2005. Page 345.
 

11
 

Attachment 7 
Page 14 of 28

http://www.netl.doe.gov/technologies/carbon_seq/core_rd/co2capture.html
http:costs.12


 

         
 

  
       

         
     

 
 

AEWC ICAS NSB

with the adverse energy and environmental impacts of CCS, this control option does not 
represent BACT. 

3.5 Step 5 - Establish BACT 
Because no control option more effective than the baseline has been identified as BACT for CO2 
emissions from the acid gas removal process at the HEC, no emission limitation is appropriate. 
Appendix A presents the basis for the impacts analysis for the HEC combustion turbines and 
process heaters. 

12
 

Attachment 7 
Page 15 of 28



 

     
 

  
     

          
      

            
     

      
         

      
    

 
       

         
      

 
      

     
      

         
         

      
 

       
       

       
          

  

  
 

 
        

        

AEWC ICAS NSB

Chapter 4.	 BACT for Combustion 
Turbines and Process 
Heaters 

4.1	 Step 1 – Identify Control Options 
There are two broad strategies for reducing CO2 emissions from stationary combustion processes 
such as the combustion turbines and process heaters at the HEC. The first is to minimize the 
production of CO2 through the use of low-carbon fuels and through aggressively energy-efficient 
design.  As shown in Table 4.1-1, the use of gaseous fuels, such as natural gas and refinery gas, 
reduces the production of CO2 during the combustion process relative to burning solid fuels (e.g., 
coal or coke) and liquid fuels (e.g., distillate or residual oils). Additionally, a highly efficient 
operation requires less fuel for process heat, which directly impacts the amount of CO2 produced. 
Establishing an aggressive basis for energy recovery and facility efficiency will reduce CO2 
production and the costs to recover it. 

The second strategy for CO2 emission reduction is CCS.  Unlike the exhaust stream associated 
with the acid gas removal process, the inherent design of the the combustion turbines and process 
heaters at the HEC produce a dilute CO2 stream that requires capture. 

The CO2 emissions from the combustion sources at the HEC can theoretically be captured 
through pre-combustion methods or through post-combustion methods.  In the pre-combustion 
approach, oxygen instead of air is used to combust the fuel and a concentrated CO2 exhaust gas 
is generated. This approach significantly reduces the capital and energy cost of removing CO2 
from conventional combustion processes using air as an oxygen source, but it incurs significant 
capital and energy costs associated with separating oxygen from the air. 

Post-combustion methods are applied to conventional combustion techniques using air and 
carbon-containing fuels in order to isolate CO2 from the combustion exhaust gases. Because the 
air used for combustion contains nearly 80 percent nitrogen, the CO2 concentration in the 
exhaust gases is only 5 to 20 percent depending on the amount of excess air and the carbon 
content of the fuel. 

4.2	 Step 2 – Eliminate Technically Infeasible Control 
Options 

4.2.1	 Low-Carbon Fuels 
Numerous fuels are available for use at the HEC.  Several of these fuels will be produced at the 
refinery as a result of the petroleum refining process.  Historically, petroleum refineries have 
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burned wide range of fuels, including high-carbon fuels such as residual oil and petroleum coke, 
in sources such as boilers and process heaters. As Table 1.2-1 shows, combustion of refinery gas 
and natural gas yields 40 to 50 percent less CO2 than does combustion of coal and petroleum 
coke and approximately 30 percent less CO2 than does combustion of residual oil. Combustion 
of the syngas produced at the HEC IGCC power plant yields approximately 65 percent less CO2 
than does combustion of coal and petroleum coke and approximately 55 percent less CO2 than 
does combustion of residual oil. Accordingly, the preferential burning of these low-carbon 
gaseous fuels to meet the refinery’s energy needs is an extremely effective CO2 control 
technique. This control technique is technically feasible for all process heaters and combustion 
turbines at the HEC and is an inherent part of the facility’s design. 

4.2.2 Energy Efficiency 
There are numerous strategies for achieving a highly energy-efficient design of a greenfield 
petroleum refinery.  All identified strategies are technically feasible for application to the HEC 
and all are inherent in the design of the facility. These include the following. 

4.2.2.1 Combustion Air Preheat 
Air preheat is a method of recovering heat from the hot exhaust gas of a combustion process by 
heat exchange with the combustion air before it enters the combustion chamber or furnace. 
Preheating the combustion air reduces the amount of fuel required in the furnace because the 
combustion air does not have to be heated all the way from ambient temperature to the fuel 
combustion temperature by combusting fuel.  The achievable reduction in fuel usage and CO2 
emissions is typically 10 to 15 percent.  This heat recovery approach is commonly used on large 
process heaters at petroleum refineries. However, as energy costs have increased the boiler and 
heater size for which it is economically practical has steadily decreased.  To equip a process 
heater with air preheat requires the addition of a draft fan and heat exchanger incurring capital, 
operating, and maintenance costs; for heaters of sufficient size, these costs can be offset by the 
fuel savings.  Although combustion air preheat reduces the amount of CO2 emitted, it increases 
emissions of NOX because preheating the combustion air increases combustion temperature.  The 
HEC will employ air preheat on 9 of 30 process heaters representing 70 percent of the facility-
wide heat input to process heaters. This is equivalent to approximately 0.15 million tons per year 
of CO2 that would be emitted firing additional natural gas or refinery fuel gas to make up the 
heat lost in the heater flue gas. 

4.2.2.2 Use of Process Heat to Generate Steam 
One method that petroleum refiners use to be more energy efficient is to cool hot process streams 
by generating steam. This is done by passing the hot process stream through a heat exchanger to 
transfer the heat to boiler feed water. The HEC will generate both high pressure (600 psig 
steam) and low pressure steam (50 psig steam) using this approach. Approximately 15 percent 
of the refinery’s steam demand will be generated using process heat recovery. This is equivalent 
to approximately 0.3 million tons per year of CO2 that would be emitted if natural gas or refinery 
fuel gas was used to generate this steam instead. 

4.2.2.3 Process Integration and Heat Recovery 
Traditionally, petroleum refinery process units such as crude distillation units send the various 
product streams directly to intermediate storage tanks after the product has been cooled using 
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cooling water. Then the downstream processing unit, for example a Diesel Hydrotreating unit, is 
fed by pumping the cooled diesel stream from the intermediate storage tank.  This requires the 
diesel feed stream to be heated up from its cooled storage temperature to its processing 
temperature. Energy is saved if the hot diesel stream from the crude unit is pumped directly to 
the Hydrotreating unit. The HEC will make use of the most advanced design approaches to 
integrate the process units and to maximize energy efficiency. 

4.2.2.4 Continuous Excess Air Monitoring and Control 
Excessive amounts of combustion air used in process heaters results in energy inefficient 
operation because more fuel combustion is required in order to heat the excess air to combustion 
temperatures.  This can be alleviated using state-of-the-art instrumentation for monitoring and 
controlling the excess air levels in the combustion process, which reduces the heat input by 
minimizing the amount of combustion air needed for safe and efficient combustion.  This 
requires the installation of oxygen monitor in the heater stack and damper controls on the 
combustion air dampers. Additionally, lowering excess air levels, while maintaining good 
combustion, reduces not only CO2 emissions but also NOX emissions. All of the HEC process 
heaters and combustion turbines will be equipped with oxygen monitors as part of the continuous 
emission monitoring system. 

4.2.2.5 Cogeneration as a CO2 Reduction Technique 
Cogeneration is the simultaneous production of electric power and thermal energy from a single 
fuel. A typical configuration is the use of combustion turbines to generate electricity, with the 
waste heat used to generate steam in a heat recovery steam generator (“HRSG”), from which 
steam is made available for use in providing heat to refinery process units.  The reduction in CO2 
emissions from employing cogeneration comes from the reduced fuel use at electric utility power 
plants; thus, the amount of CO2 reduction is dependent upon the type of electric utility power 
generation displaced. Where coal-based generation is displaced, CO2 reductions of 30 percent or 
more are achievable.  The HEC will make use of IGCC to cogenerate steam and electricity using 
a low value fuel, petroleum coke generated at the refinery. This approach is more energy 
efficient than purchasing electricity from a electric utility and generating steam by burning coke, 
residual oil, or natural gas. 

Note, the efficiencies above are not additive when layering technology options (e.g., addition of 
air preheat and continuous monitoring of excess air), some options may preclude the use of other 
options in certain equipment, and some options are not practical for application to small 
combustion sources. 

4.2.3 Carbon Capture and Storage 

4.2.3.1 CO2 Capture  
There are two pre-combustion CO2 capture techniques with the potential for use with combustion 
sources at the HEC: indirect use of oxygen and direct use of oxygen.  The indirect approach 
involves partial combustion of a carbon-containing fuel (e.g., refinery gas, residual oil, or coke) 
with oxygen and steam to produce a synthesis gas (“syngas”) composed of carbon monoxide 
(CO) and hydrogen (H2).  The CO is reacted with steam in a catalytic reactor, called a shift 
converter, to yield CO2 and additional H2. The CO2 is then separated, usually by a physical or 
chemical absorption process, resulting in a hydrogen-rich fuel which can be combusted in 
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boilers, furnaces, gas turbines, engines and fuel cells. This approach would work only with new 
equipment specifically designed to burn hydrogen because existing equipment would not be 
configured appropriately.  The combustion of hydrogen as fuel in boilers, process heaters, and 
combustion turbines has not been demonstrated at the scale required for petroleum refineries and 
is considered technically infeasible. 

The direct approach to pre-combustion CO2 separation involves substituting oxygen for air 
during the combustion process. Because the heaters and combustion turbines at the HEC are 
designed to use air for combustion, the use of oxygen would require substantial redesign. No 
commercially proven equipment meeting these design requirements is available. Accordingly, 
CCS involving pre-combustion CO2 separation and capture is technically infeasible. 

Technical feasibility of post-combustion CO2 capture technologies is addressed in the following 
paragraphs. 

4.2.3.1.1 Chemical absorption. 

This is the most common method for CO2 capture.  Monoethanolamine (“MEA”) solvent has the 
advantage of fast reaction with CO2 at low partial pressure.  The primary concerns with MEA 
and other amine solvents are corrosion in the presence of O2 and other impurities, high solvent 
degradation rates due to reactions with SO2 and NOX, and the large amount of energy required 
for solvent regeneration. These difficulties can be overcome, and this capture method is 
technically feasible. 

4.2.3.1.2 Physical absorption (e.g., Selexol®). 

These absorption processes, which are commonly used for CO2 rejection from natural gas, 
operate at high pressure and low temperature.  Use of physical absorption for CO2 capture from 
combustion exhaust gas would entail a significant amount of gas compression capacity and a 
significant energy penalty.  These difficulties can be overcome, and this capture method is 
technically feasible. 

4.2.3.1.3 Calcium cycle separation. 

This is a quicklime-based capture method that yields limestone. When heated, the limestone 
releases CO2, producing quicklime again for recycling. Work is still required on sorbent stability 
after regeneration. 

4.2.3.1.4 Cryogenic separation. 

This capture method is based on solidifying the CO2 component of the exhaust stream by 
frosting it to separate it out.  The low concentration of CO2 in the exhaust gas from conventional 
air-based combustion processes, such as the process heaters and combustion turbines at the HEC, 
renders this technology infeasible for this application. 

4.2.3.1.5 Membrane separation. 

This method is commonly used for CO2 removal from natural gas at high pressure and high CO2 

concentration. Membrane technology is not fully developed for low CO2 concentrations and gas 
flow at the scale required for the HEC. 
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4.2.3.1.6 Adsorption. 

This method involves feeding the exhaust gas through a bed of solid material with high surface 
areas, such as zeolites or activated carbon.  These materials can preferentially adsorb CO2 while 
allowing nitrogen and other gasesto pass through. The fully saturated bed is regenerated by 
either pressure swing (low pressure), temperature swing (high temperature), or electric swing 
(low voltage) desorption. Adsorption would require either a high degree of compression or 
multiple separation steps to produce high CO2 concentration from exhaust gas. This capture 
method is presumed for the purposes of this analysis to be technically feasible, but its capital and 
operating costs exceed those of available chemical absorption techniques, so adsorption will not 
be considered further. 

4.2.3.2	 CO2 Transportation and Storage  
Compression, transportation, and storage of CO2 from the combustion processes at the HEC are 
technically feasible, as discussed in Section 3.2 herein. 

4.3	 Step 3 - Characterize Control Effectiveness of 
Technically Feasible Control Options 

The use of low-carbon fuels and aggressively energy-efficient design to reduce CO2 emissions 
from combustion turbines and process heaters is inherent in the design of the HEC and is 
considered the baseline condition. 

The only technically feasible strategy for further controlling CO2 emissions from the process 
heaters and combustion turbines at the HEC is CCS.  For the purposes of this analysis, chemical 
absorption is assumed to represent the best capture option depleted oil and gas reservoirs with 
EOR potential are assumed to represent the best option for long-term storage.  This control 
option is assumed to be 90 percent effective and to result in a CO2 emission reduction of 
approximately 8.0 million tons per year. 

4.4	 Step 4 - Evaluate More Effective Control Options 
Using CCS to reduce CO2 emissions from the process heaters and combustion turbines at the 
HEC will have substantial impacts on the facility in many respects, as discussed in detail below. 

4.4.1 	Design Considerations 
As shown in Table 1.2-2, emissions of CO2 from the four combustion turbines and the thirty 
process heaters are approximately 9 million tons per year. This represents 50 percent of the CO2 
emissions from the HEC, but these combustion sources are scattered throughout the facility. The 
largest of these sources are the four equal-sized combustion turbines in the IGCC power plant. 
In order to capture the CO2 from the combustion turbine exhaust, because these units will be in 
close proximity, their vents would be ducted together and CO2 recovery would be accomplished 
using a single, large solvent scrubbing/regeneration system. 
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The refinery process heaters are much more numerous and spaced further apart than the turbines. 
As a result, multiple scrubbers will be installed as it is more economical to pump the solvent 
throughout the refinery than it is to duct all of the flue gases into a single scrubbing system. The 
CO2-rich solvent from the scrubbers is then pumped to a regeneration system for CO2 removal 
and reuse. These systems will be collectively more costly than for the combustion turbine 
exhaust system due to the need for multiple scrubbers. Of the 30 heaters in the refinery, 26 can 
be combined into nine combined furnace stacks. These heaters are located in the Delayed 
Coking Units (2), Continuous Catalytic Reformers (2), the Crude and Vacuum Units (2), the 
Hydrocracking Units (2), and the Oleflex Unit (1).  A scrubbing system would be located at each 
of these units for CO2 capture. These scrubbing systems would control approximately 90 percent 
of the total CO2 emissions from heaters. The four heaters that are not covered by the scrubbing 
systems in this analysis represent only two percent of the facility-wide CO2 emissions from the 
HEC; these heaters are omitted from the analysis because they are less cost-effective to control 
than are the other heaters and including them would skew the overall cost-effectiveness analysis. 
The combined collection and control of the four combustion turbines and 26 process heaters 
represents approximately 7.4 million tons per year of CO2 capture. 

Figure 4.4-1 shows the HEC plot plan and the location of the nine process heater stacks where 
the scrubbing systems would be located. (This figure also shows the location of the CO2 vents 
from the acid gas removal process as discussed in Chapter 3 herein.) It is assumed that MEA 
absorption systems will be used to scrub the CO2 from the combustion turbine and large process 
heater flue gases. The MEA is regenerated with steam to produce a CO2-rich stream. The CO2 
stream will need to be dried, compressed from low pressure up to 2000 pounds per square inch, 
and transported by an approximately 300 mile-long pipeline to an appropriate storage site. 
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FIGURE 4.4-1. HEC PLOT PLAN AND THE LOCATION OF THE NINE PROCESS HEATER STACKS AND CO2 SCRUBBERS 

Gas Turbines 
Size Proportional to CO2 Volume; Gasifier 
This size represents 1.0 MM STPY 

10 
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4.4.2 Impacts Analysis 
The use of CCS for the combustion sources at the HEC would entail significant, adverse energy 
and environmental impacts due to increased fuel usage in order to meet the steam and electric 
load requirements of these systems. The estimated 7.4 million tons per year of CO2 captured 
from the combustion turbines and 26 process heaters would require the equivalent to 582 MW of 
electric power and steam generation capacity for capture, drying compression, and transpoert to a 
suitable EOR site.  If all of the power generation is based on combined cycle combustion 
turbines firing natural gas, the increase fuel use and would increase air emissions by 
approximately 381 tons of PM-2.5, 188 tons of NOX, 109 tons of SO2, 115 tons of CO, and 29 
tons of VOC per year.  The estimated capital costs for the CCS equipment needed for capture, 
compression, pipeline transportation, and injection/storage are approximately $900 million.  The 
levelized annual cost, including operating cost, is estimated to be approximately $500 million per 
year. The resulting avoided cost of CO2 CCS is approximately $101 per ton of CO2 sequestered.
 Assuming a $10 per ton cost benefit of EOR, the avoided cost of CO2 for CCS becomes $91 per 
ton of CO2 sequestered from the combustion turbines and 26 process heaters. 

4.5 Step 5 - Establish BACT 
Because no control option more effective than the baseline has been identified as BACT for CO2 
emissions from the combustion turbines and process heaters at the HEC, no emission limitations 
are appropriate. Appendix B presents the basis for the impacts analysis for the HEC combustion 
turbines and process heaters. 
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APPENDIX A – IMPACTS ANALYSIS 
FOR HEC CO2 VENT 

PARAMETER 

GASIFICATION CO2 VENT 

BASELINE - No 
Compression, Transport, 

Sequestration 

Compression+Transport 
+Sequestration 

Environmental Impacts: 
CO2 Emitted, TPY 8,500,000 0.0 

CO2 Incremental % Control Baseline 100% 
CO2 Reduced, TPY Baseline 8,500,000 

CO2 from Compression, TPY Baseline 952,669 
Net CO2 Reduced, TPY Baseline 7,500,000 

Increase in NOx, TPY Baseline 79 
Increase in SO2, TPY Baseline 44 
Increase in CO, TPY Baseline 46 

Increase in VOC, TPY Baseline 12 
Increase in PM2.5, TPY Baseline 155 

Energy Impacts: 
Additonal Power Generation, MW Baseline 267 

NG Use MMSCFY Baseline 15,567 
Economic Impacts: 

Total Capital Cost Baseline $649,800,000 
Total Annual Cost Baseline $288,700,000 

CO2 Capture Cost Effectiveness Baseline $38 
CO2 Transport Cost Effectiveness Baseline $5 

CO2 EOR Cost Effectiveness Baseline -$10 
Total CO2 CCS Cost Effectiveness Baseline $33 
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HEC ESTIMATED COST OF CO2 CAPTURE BASED ON IPPC REPORT TABLE 3.15 - Gasification CO2 Vent 
IGCC IGCC HEC Comments 

Parameter Units low high Parameter Units 
Plant Size MW 400 800 Plant Size MW 1368 (1) This is 507 MW Power plus 

2.4 MMlb/hr steam equivalent 
MW (see below) 

Emission Rate wo Capture kgCO2/MWh 628 846 Emission Rate wo 
Capture 

ton/year 8,541,956 From Table 1.2-2. HEC CO2 
Emissions 

Percent Reduction % 81 91 Percent Reduction % 100 Post Rectisol 
Emission Rate w Capture kgCO2/MWh 65 152 Emission Rate w 

Capture 
ton/year 0 

CO2 Captured ton/year 8,541,956 
Capture Energy Required % MWh 14 25 Capture Energy 

Required 
MW 267 Average of 14 & 25 % MWh 

NG Use for Incremental 
MW 

MM SCFY 15,566 6,796 Btu/kwh 

Incremental CO2 w 
Capture 

ton/year 952,669 120 lb CO2/MMBtu for NG 

Total Capital wo Capture US$/kw 1169 1565 Total Capital wo Capture Millions $ $1,870 Average of 1169 and 1565 
US$/kw 

Total Capital w Capture US$/kw 1414 2270 Total Capital w Capture Millions $ $2,520 Average of 1414 and 2270 
US$/kw 

$650 delta US$ 
Annualized Capital 
Costs 

Millions $/yr $97 15% of capital costs 

Annualized NG Costs Millions $/yr $159 $10 per MMBtu for NG 
Annual O&M Costs Millions $/yr $32 5% of total captial 
Total Annual Costs Millions $/yr $289 

Cost of CO2 Captured US$/tonne CO2 11 32 Cost of CO2 Captured US$/st CO2 $34 
Cost of CO2 avoided US$/tonne CO2 13 37 Cost of CO2 avoided US$/st CO2 $38 

Note 1: 2.4 MMlb/hr steam at 720 oF/600 psig 
1,420 Btu/lb enthalpy of 720F/600psig steam 

196 minus Btu/lb enthaly for saturated steam at 5 psig 
2938 mmbtu/hr steam 

861 MW in form of steam 
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APPENDIX B – IMPACTS ANALYSIS 
FOR HEC COMBUSTION TURBINES 
AND PROCESS HEATERS 

PARAMETER 

COMBUSTION TURBINES & PROCESS 
HEATERS 

BASELINE - No 
CCS 

With CCS 

Environmental Impacts: 
CO2 Emitted, TPY 8,200,000 800,000 

CO2 Incremental % Control Baseline 90% 
CO2 Reduced, TPY Baseline 7,400,000 

CO2 from Compression, TPY Baseline 1,930,000 
Net CO2 Reduced, TPY Baseline 5,300,000 

Increase in NOx, TPY Baseline 188 
Increase in SO2, TPY Baseline 109 
Increase in CO, TPY Baseline 115 

Increase in VOC, TPY Baseline 29 
Increase in PM2.5, TPY Baseline 381 

Energy Impacts: 
Additonal Power Generation, MW Baseline 582 

NG Use MMSCFY 33,991  
Economic Impacts: 

Total Capital Cost Baseline $904,100,000 
Total Annual Cost Baseline $527,500,000 

CO2 Capture Cost Effectiveness Baseline $100 
CO2 Transport Cost Effectiveness Baseline $5 

CO2 EOR Cost Effectiveness Baseline -$10 
Total CO2 CCS Cost Effectiveness Baseline $95 
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HEC ESTIMATED COST OF CO2 CAPTURE BASED ON IPPC REPORT TABLE 3.15 – Combustion Turbines (4) 
IGCC IGCC HEC Comments 

Parameter Units low high Parameter Units 

Plant Size MW 400 800 Plant Size MW 1368 

(1) This is 507 MW Power plus 
2.4 MMlb/hr steam equivalent 
MW (see below) 

Emission Rate wo Capture kgCO2/MWh 344 379 
Emission Rate wo 
Capture ton/year 3,986,530 

From Table 1.2-2. HEC CO2 
Emissions 

Percent Reduction % 83 88 Percent Reduction % 85.5 Average of 83 & 88 % MWh 

Emission Rate w Capture kgCO2/MWh 40 66 
Emission Rate w 
Capture ton/year 578,047 14.5% not captured 

CO2 Captured ton/year 3,408,484 

Capture Energy Required % MWh 11 22 
Capture Energy 
Required MW 226 Average of 11 & 22 % MWh 
NG Use for Incremental 
MW MM SCFY 13,172 6,796 Btu/kwh 
Incremental CO2 w 
Capture ton/year 806,105 120 lb CO2/MMBtu for NG 

Total Capital wo Capture US$/kw 515 724 Total Capital wo Capture Millions $ $847 Average of 515 and 724 US$/kw 

Total Capital w Capture US$/kw 909 1261 Total Capital w Capture Millions $ $1,484 
Average of 909 and 1261 
US$/kw 

$637 delta US$ 
Annualized Capital 
Costs Millions $/yr $96 15% of capital costs 
Annualized NG Costs Millions $/yr $134 $10 per MMBtu for NG 
Annual O&M Costs Millions $/yr $32 5% of total captial 
Total Annual Costs Millions $/yr $262 

Cost of CO2 Captured US$/tonne CO2 33 57 Cost of CO2 Captured US$/st CO2 $77 
Cost of CO2 avoided US$/tonne CO2 37 74 Cost of CO2 avoided US$/st CO2 $101 

Note 1: 2.4 MMlb/hr steam at 720 oF/600 psig 
1,420 Btu/lb enthalpy of 720F/600psig steam 

196 minus Btu/lb enthaly for saturated steam at 5 psig 
2938 mmbtu/hr steam 

861 MW in form of steam 
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HEC ESTIMATED COST OF CO2 CAPTURE BASED ON CO2 CAPTURE PROJECT -Refinery Process Heaters 
Parameters Units Grangemouth HEC Comments 

Refinery Size - CO2 Emitted Millions st/yr 2.4 4.2 HEC From Table 1.2-2. HEC CO2 Emissions 
Percent Reduction % 93% 93% assumed 
CO2 Captured Millions st/yr 2.2 3.9 
Capture Energy Required MW fired 396 710 HEC ratioed from reference 

Capture Energy Required MMBtu/hr 1,351 2,424 
HEC ratioed from reference; equivalent to 357 
MW 

NG Use for Incremental MW MM SCFY 11,604 20,819 based on 1020 Btu/scf for NG 
Capture Energy CO2 Millions st/yr 0.7 1.3 
Percent Reduction % 93% 93% 
CO2 Captured Millions st/yr 0.66 1.18 
Total Captial Millions US$ $149 $267 HEC ratioed from reference 
Annualized Capital Costs Millions US$/yr $22 $40 15% of capital costs 
Annualized NG Costs @ $10 Millions US$/yr $118 $212 $10 per MMBtu for NG 
Annual O&M Costs Millions US$/yr $7 $13 5% of total captial 
Total Annual Costs Millions US$/yr $148 $266 
Cost of CO2 Captured US$/st CO2 $67 $67 
Cost of CO2 Avoided US$/st CO2 $99 $99 
REFERENCE: "A Study of Very Large Scale Post Combustion CO2 Capture At a Refining & Petrochemical Complex", Grangemouth, , UK. 
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FACT SHEET 

FINAL REVISIONS TO THE NATIONAL AMBIENT AIR QUALITY STANDARDS 


FOR NITROGEN DIOXIDE 


SUMMARY OF ACTION 

•	 On January 22, 2010, EPA strengthened the health-based National Ambient Air Quality 
Standard (NAAQS) for nitrogen dioxide (NO2). The new standard will protect public health, 
including the health of sensitive populations – people with asthma, children and the elderly. 

•	 EPA is setting a new 1-hour NO2 standard at the level of 100 parts per billion (ppb).  This 
level defines the maximum allowable concentration anywhere in an area.  It will protect 
against adverse health effects associated with short-term exposure to NO2, including 
respiratory effects that can result in admission to a hospital.     

•	 In addition to establishing an averaging time and level, EPA also is setting a new “form” for 
the standard.  The form is the air quality statistic used to determine if an area meets the 
standard. The form for the 1-hour NO2 standard, is the 3-year average of the 98th percentile 
of the annual distribution of daily maximum 1-hour average concentrations.   

•	 EPA also is retaining, with no change, the current annual average NO2 standard of 53 ppb. 

•	 This suite of standards will protect public health by limiting people’s exposures to short-term 
peak concentrations of NO2 – which primarily occur near major roads – and by limiting 
community-wide NO2 concentrations to levels below those that have been linked to 
respiratory-related emergency department visits and hospital admissions in the United States.    

•	 To determine compliance with the new standard, EPA is establishing new ambient air 
monitoring and reporting requirements for NO2. 

•	 In urban areas, monitors are required near major roads as well as in other locations 
where maximum concentrations are expected.   

•	 Additional monitors are required in large urban areas to measure the highest 
concentrations of NO2 that occur more broadly across communities.  

•	 Working with the states, EPA will site a subset of monitors in locations to help 
protect communities that are susceptible and vulnerable to NO2-related health effects.   

•	 The addition of a new 1-hour NO2 standard and changes to the NO2 monitoring network are 
consistent with the recommendations of the majority of the Clean Air Scientific Advisory 
Committee (CASAC).  CASAC provides independent advice to the EPA Administrator on 
the relevant scientific and technical information and on the standards. 

•	 These changes will not affect the secondary NO2 standard, set to protect public welfare. EPA 
is considering the need for changes to the secondary standard under a separate review.   
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NO2 AND PUBLIC HEALTH  

•	 Current scientific evidence links short-term NO2 exposures, ranging from 30 minutes to 24 
hours, with an array of adverse respiratory effects including increased asthma symptoms, 
more difficulty controlling asthma, and an increase in respiratory illnesses and symptoms.   

•	 Studies also show a connection between short-term exposure and increased visits to 
emergency departments and hospital admissions for respiratory illnesses, particularly in at-
risk populations including children, the elderly, and asthmatics. 

•	 NO2 concentrations near major roads are appreciably higher than those measured at monitors 
in the current network. Concentrations in heavy traffic or on freeways can be twice as high 
as levels measured in residential areas or near smaller roads.  Monitoring studies indicate that 
near-road (within about 50 meters) concentrations of NO2 can be 30 to 100 percent higher 
than concentrations away from major roads. 

•	 EPA’s NAAQS for NO2 is designed to protect against exposure to the entire group of 
nitrogen oxides (NOx). NO2 is the component of greatest concern and is used as the indicator 
for the larger group of NOx. The sum of nitric oxide (NO) and NO2 is commonly called NOx. 
Other nitrogen oxides include nitrous acid and nitric acid.        

•	 Emissions that lead to the formation of NO2 generally also lead to the formation of other 
NOx. Control measures that reduce NO2 can generally be expected to reduce population 
exposures to all gaseous NOx. This may have the co-benefit of reducing the formation of 
ozone and fine particles both of which pose significant public health threats.  

•	 NOx react with ammonia, moisture, and other compounds to form small particles. 
These small particles penetrate deeply into sensitive parts of the lungs and can cause 
or worsen respiratory disease, such as emphysema and bronchitis, and can aggravate 
existing heart disease, leading to increased hospital admissions and premature death.  
EPA’s NAAQS for particulate matter (PM) are designed to provide protection against 
these health effects. 

•	 NOx react with volatile organic compounds to form ozone.  Children, the elderly, 
people with lung diseases such as asthma, and people who work or exercise outside 
are at risk for adverse health effects from ozone.  These effects include reduced lung 
function and increased respiratory symptoms, more respiratory-related emergency 
department visits and hospital admissions, and increased risk of premature death from 
heart or lung disease. EPA’s NAAQS for ozone are designed to provide protection 
against these health effects. 

REVISING THE NO2 MONITORING NETWORK 

•	 EPA is setting new requirements for the placement of new NO2 monitors in urban areas.  
These include: 

Near Road Monitoring 
•	 At least one monitor must be located near a major road in any urban area with a 

population greater than or equal to 500,000 people.  A second monitor is required 
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near another major road in areas with either:  
(1) population greater than or equal to 2.5 million  people, or 
(2) one or more road segment with an annual average daily traffic (AADT) count 
greater than or equal to 250,000 vehicles. 

These NO2 monitors must be placed near those road segments ranked with the 
highest traffic levels by AADT, with consideration given to fleet mix, congestion 
patterns, terrain, geographic location, and meteorology in identifying locations 
where the peak concentrations of NO2 are expected to occur. Monitors must be 
placed no more than 50 meters (about 164 feet) away from the edge of the nearest 
traffic lane. 

•	 EPA estimates that the new NO2 monitoring requirements will result in a network of 
approximately 126 NO2 monitoring sites near major roads in 102 urban areas.   

Community Wide Monitoring 
•	 A minimum of one monitor must be placed in any urban area with a population 

greater than or equal to 1 million people to assess community-wide concentrations. 
•	 An additional 53 monitoring sites will be required to assess community-wide levels in 

urban areas. 
•	 Some NO2 monitors already in operation may meet the community-wide monitor 

siting requirements. 
Monitoring to Protect Susceptible and Vulnerable Populations 
•	 Working with the states, EPA Regional Administrators will site at least 40 additional 

NO2 monitors to help protect communities that are susceptible and vulnerable to NO2 

-related health effects.  

•	 All new NO2 monitors must begin operating no later than January 1, 2013. 

•	 EPA Regional Administrators have the authority to require additional monitoring in certain 
circumstances, such as in areas impacted by major industrial point sources or a combination 
of sources where there is an indication that the standards may be exceeded.  The Regional 
Administrators also have the authority to require additional near-road monitoring in urban 
areas where multiple peak concentration areas may be caused by a variety of mobile source 
factors including fleet mix, traffic congestion patterns, or terrain.   

IMPLEMENTING THE NEW NO2 STANDARD 

•	 In this final rule, EPA is outlining the Clean Air Act requirements that states must address to 
implement the new NO2 air quality standard. 

•	 The new standard must be taken into account when permitting new or modified major 
sources of NOx emissions such as fossil-fuel fired power plants, boilers, and a variety of 
other manufacturing operations.  

•	 EPA expects to identify or “designate” areas as attaining or not attaining the new standard by 
January 2012, within two years of establishing the new NO2 standard. These designations 
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will be based on the existing community-wide monitoring network.  Areas with monitors 
recording violations of the new standards will be designated “nonattainment.”  EPA 
anticipates designating all other areas of the country “unclassifiable” to reflect the fact that 
there is insufficient data available to determine if those areas are meeting the revised 
NAAQS. 

•	 Once the expanded network of NO2 monitors is fully deployed and three years of air quality 
data have been collected, EPA intends to redesignate areas in 2016 or 2017, as appropriate, 
based on the air quality data from the new monitoring network.   

BACKGROUND 

•	 The Clean Air Act requires EPA to set national ambient air quality standards for pollutants 
considered harmful to public health and the environment.  National standards exist for six 
pollutants: nitrogen dioxide, ozone, particulate matter, carbon monoxide, sulfur dioxide, and 
lead. 

•	 For each of these pollutants, the Clean Air Act requires EPA to set the health-based or 
“primary” standards at a level judged to be “requisite to protect the public health with an 
adequate margin of safety” and establish secondary standards that are “requisite” to protect 
public welfare from “any known or anticipated adverse effects associated with the pollutant 
in the ambient air” including effects on vegetation, soils, water, wildlife, buildings and 
national monuments, and visibility.  EPA is considering the need for changes to the 
secondary NO2 standard under a separate review. 

•	 The law also requires EPA to review the standards and their scientific basis every five years 
to determine whether revisions are appropriate.   

•	 Nitrogen dioxide is one of a group of highly reactive gasses known as “oxides of nitrogen.”  
NO2 forms quickly from emissions from cars, trucks and buses, power plants, and off-road 
equipment.  In addition to contributing to the formation of ground-level ozone and fine 
particle pollution, NO2 is linked with a number of adverse effects on the respiratory system.   

•	 EPA first established standards for NO2 in 1971, setting both a primary standard (to protect 
health) and a secondary standard (to protect the public welfare) at 53 ppb, averaged annually.  
Prior to the current review, the Agency reviewed the standards twice since 1971, but chose 
not to revise the standards at the conclusion of each review. 

•	 All areas presently meet the 1971 NO2 NAAQS, with annual NO2 concentrations measured at 
community-wide monitors well below the level of the standard (53 ppb).  Annual average 
ambient NO2 concentrations, as measured at community-wide monitors, have decreased by 
more than 40 percent since 1980. Currently, the annual average NO2 concentrations range 
from approximately 10-20 ppb.   

•	 EPA expects NO2 concentrations to continue decreasing as a number of mobile source 
regulations take effect. Tier 2 standards for light-duty vehicles began phasing in during 
2004, and new NOx standards for heavy-duty engines are phasing in between 2007 and 2010 
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model years. Current air quality monitoring data reflect only a few years of vehicles entering 
the fleet that meet these stricter NOx tailpipe standards. 

FOR MORE INFORMATION 

•	 To download a copy of the final rule, go to EPA’s Web site at:   
http://www.epa.gov/air/nitrogenoxides. 

•	 This final rule and other background information are also available either electronically at 
http://www.regulations.gov, EPA’s electronic public docket and comment system, or in 
hardcopy at the EPA Docket Center’s Public Reading Room. 

•	 The Public Reading Room is located in the EPA Headquarters, Room Number 3334 in the 
EPA West Building, located at 1301 Constitution Avenue, NW, Washington, DC.  Hours of 
operation are 8:30 a.m. to 4:30 p.m. eastern standard time, Monday through Friday, 
excluding Federal holidays. 

•	 Visitors are required to show photographic identification, pass through a metal detector, and 
sign the EPA visitor log.  All visitor materials will be processed through an X-ray machine as 
well. Visitors will be provided a badge that must be visible at all times. 

•	 Materials for this action can be accessed using Docket ID No. EPA-HQ-OAR-2006-0922. 
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The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air 
Quality Standards (40 CFR part 50) for pollutants considered harmful to public health and the 
environment. The Clean Air Act established two types of national air quality standards. Primary 
standards set limits to protect public health, including the health of "sensitive" populations such as 
asthmatics, children, and the elderly. Secondary standards set limits to protect public welfare, 
including protection against decreased visibility, damage to animals, crops, vegetation, and 
buildings. 

The EPA Office of Air Quality Planning and Standards (OAQPS) has set National Ambient Air Quality 
Standards for six principal pollutants, which are called "criteria" pollutants. They are listed below. 
Units of measure for the standards are parts per million (ppm) by volume, milligrams per cubic 
meter of air (mg/m3), and micrograms per cubic meter of air (µg/m3). 

National Ambient Air Quality Standards 

3/22/2010 4:36 PM 

Primary Standards Secondary Standards 
Pollutant Level Averaging Time Level Averaging Time 

Carbon 
Monoxide 

9 ppm 
(10 mg/m3) 

8-hour (1) 

None 
35 ppm 
(40 mg/m3) 

1-hour (1) 

Lead 0.15 µg/m3 (2) Rolling 3-Month 
Average 

Same as Primary 

1.5 µg/m3 Quarterly Average Same as Primary 
Nitrogen 
Dioxide 

0.053 ppm 
(100 µg/m3) 

Annual 
(Arithmetic Mean) 

Same as Primary 

0.100 ppm 1-hour (3) None 
Particulate 
Matter (PM10) 

150 µg/m3 24-hour (4) Same as Primary 

Particulate 
Matter (PM2.5) 

15.0 µg/m3 Annual (5) 

(Arithmetic Mean) 
Same as Primary 

35 µg/m3 24-hour (6) Same as Primary 
Ozone 0.075 ppm 

(2008 std) 
8-hour (7) Same as Primary 

0.08 ppm 
(1997 std) 

8-hour (8) Same as Primary 

0.12 ppm 1-hour (9) Same as Primary 
Sulfur 
Dioxide 

0.03 ppm Annual 
(Arithmetic Mean) 

0.5 ppm 
(1300 µg/m3) 

3-hour (1) 

0.14 ppm 24-hour (1) 

(1) Not to be exceeded more than once per year. 

(2) Final rule signed October 15, 2008. 
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(3) To attain this standard, the 3-year average of the 98th percentile of the daily maximum 1-hour 
average at each monitor within an area must not exceed 0.100 ppm (effective January 22, 2010). 

(4) Not to be exceeded more than once per year on average over 3 years. 

(5) To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations 
from single or multiple community-oriented monitors must not exceed 15.0 µg/m3. 

(6) To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at 
each population-oriented monitor within an area must not exceed 35 µg/m3 (effective December 
17, 2006). 

(7) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average 
ozone concentrations measured at each monitor within an area over each year must not exceed 
0.075 ppm.  (effective May 27, 2008) 

(8) (a) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour 
average ozone concentrations measured at each monitor within an area over each year must not 
exceed 0.08 ppm.
  (b) The 1997 standard—and the implementation rules for that standard—will remain in place for 

implementation purposes as EPA undertakes rulemaking to address the transition from the 1997 
ozone standard to the 2008 ozone standard.
  (c) EPA is in the process of reconsidering these standards (set in March 2008). 

(9) (a) EPA revoked the 1-hour ozone standard in all areas, although some areas have continuing 
obligations under that standard ("anti-backsliding").
  (b) The standard is attained when the expected number of days per calendar year with maximum 

hourly average concentrations above 0.12 ppm is < 1. 

3/22/2010 4:36 PM2 of 2 
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You are here: EPA Home Laws & Regulations Rulemaking Gateway 

Prevention of Significant Deterioration for PM2.5 - Increments, Significant Impact Levels and Significant Monitoring 

Concentrations 

AEWC ICAS NSB

Prevention of Significant Deterioration for PM2.5 - Increments, Significant Impact
Levels and Significant Monitoring Concentrations 
a.k.a. PSD for PM2.5 - Increments, Significant Impact Levels and Significant Monitoring 

Concentrations 
Tell Us What You Think About the 

Gateway 

RIN: 2060-AO24 (What's this?) 

Docket No.: EPA-HQ-OAR-2006-0605 (What's this?) 

Current Phase: Proposal (What's this?) 

Abstract: 

EPA is finalizing regulations under the Prevention of Significant Deterioration (PSD) program to 

establish new increments, significant impact levels (SILs) and a significant monitoring 

concentration (SMC) for fine particulate matter (particles with an aerometric diameter less than or 

equal to a nominal 2.5 micrometers, “PM2.5”). (More) 

These regulations are consistent with section 166 of the Clean Air Act which authorizes the 

Environmental Protection Agency to establish regulations to prevent significant deterioration of air 

quality due to emissions of any pollutant for which National Ambient Air Quality Standards 

(NAAQS) have been promulgated. The NAAQS for PM2.5 were promulgated in 1997. To help 

facilitate the states’ implementation of the preconstruction review permit process, this action will 

also establish screening tools (SILs and SMC) to determine when sources must complete 

analyses to satisfy specific requirements associated with the evaluation of PM2.5 impacts. 

Timeline 

Milestone 

Initiated 

NPRM: Sent to OMB for Regulatory Review 

NPRM: Received by OMB 

NPRM: Regulatory Review Concluded 

NPRM: Comment Period Open 

NPRM: Published in FR 

NPRM: Comment Period Closed 

NPRM: Comment Period Extension Published in FR 

NPRM: Comment Period Closed with Extension 

Final Rule: Sent to OMB for Regulatory Review 

Final Rule: Received by OMB 

Final Rule: Published in FR 

Potential Effects 

Date 

05/12/2006 

04/03/2007 

05/22/2007 

07/03/2007 

09/21/2007 

09/21/2007 

11/20/2007 

11/20/2007 

01/21/2008 

12/23/2009 

12/28/2009 

06/2010 (projected) 

Federal Government - other agencies 

Likely to be regulated by this rule. 

Likely to be involved in the implementation of this rule. 

Local Governments 

Likely to be regulated by this rule. 

Likely to be involved in the implementation of this rule. 

State Governments 

Likely to be regulated by this rule. 

Likely to be involved in the implementation of this rule. 

Tribal Governments 

Likely to be regulated by this rule. 

Likely to be involved in the implementation of this rule. 

Participate in This Rulemaking 
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Visit our discussion forum to 

submit your comments about the 

Rulemaking Gateway 

More Regulatory Information 

Please Note: 

The Rulemaking Gateway 

focuses on priority rules that are 

currently under development. For more 

comprehensive regulatory information, 

visit the Related Links page. 

Disclaimer 

This site provides a summary and 

status of priority rulemakings that EPA 

currently is developing or has issued 

recently. We update most of the site at 

the beginning of each month, though 

some data is updated more frequently 

if it is time sensitive (e.g., the start of a 

comment period). The information on 

this site is not intended to and does not 

commit EPA to specific conclusions or 

actions. For example, after further 

analysis, EPA may decide the effects 

of a rule would be different or it may 

decide to terminate a rulemaking. 

3/22/2010 4:39 PM2 of 3 

http://yosemite.epa.gov/opei/rulegate.nsf/byRIN/2060-AO24?opendocument


  

 

    

  

   

    

 

   

 

 

 

 

 

   

 Prevention of Significant Deterioration for PM2.5 - Increments, Significan... http://yosemite.epa.gov/opei/rulegate.nsf/byRIN/2060-AO24?opendocument 

AEWC ICAS NSB
Contact us about this rule. 

Learn More 

Regulatory Review 

Some of EPA's rulemakings undergo regulatory review (What's this?), as prescribed by 

Executive Order 12866 and coordinated by the Office of Management and Budget (OMB). The 

following list describes which of this rulemaking's stages have completed review and published 

in the Federal Register, if any, and provides links to the review documents where available. 

Consult the "Timeline" section of this Web page for the dates of each review. 

NPRM - This stage of the rulemaking underwent review. Click on the following link(s) to 

see how the rule changed as a result of review: 

Documentation of changes made during review 

Final Rule - No Information Available. 

Citations & Authorities 

Federal Register Citations 

NPRM: 72 FR 54112 

NPRM Comment Period Extension: 72 FR 65282
 

Code of Federal Regulations (CFR) Citation
 

40 CFR 52.21;40 CFR 51.166 

Legal Authority 

42 USC 7410;42 USC 7470-7479;42 USC 7501-7503;42 USC 7601(a)(1) 

Last updated on Monday, February 15th, 2010. 
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United States Department of the InteriorUnited States Departlnent of the Interior 

MINERALS MAN AGEMENT SERV IC EMINERALS MANAGEMENT SERvrCE 
Alas ka Outer Cont inental Shelf RegionAI:1ska Outer Continenral Shelf Region 

I Centerpo int Drive. Sui te380380 I Centerpoint Drive. Suite 500500 
Anchorage. AlaskaAnchorage. Alaska 99503-582399503-5823 

- _no<OCTOCT - 22 '"

EPA Region 10EPA Region 10 
She ll Chu kc hi DeS Air PermitShell Chukchi OCS Air Permit 

6th venue S ui te WT- I07t 200200 6U1 AAvenue Suite 900.900. AAWT-107 
Seattle. 98 10 1-3140Seanle. \VA\VA 98101-3140 
Fax: 206-553-0 11 0Fax: 206-553-0110 
Email: R IOocsaimenni ls@cpa.goYEmail: R IOocsairpermiIS @l!p:J .l!ov 

Thank YO ll fo r the opportuni ty to comment on Air Quality Permi t proposed to Shell Gul fThank you for the opportunity to comment on thethe Air Quality Permit proposed to Shell Gulf ofof 
Mexico to OPCfalC the Chukchi Se:'1. Number: IOOCS/PSD-AK-09-0 1.Mexico to operate inin the Chukchi Sea. Alaska.Alaska. PermitPermit Number: RR 1OOCS/PSO-AK-09-0 I . 
Under the OUler Continental Shelf Lands (OCSLA), the Minerals ManagementUnder the OUlcr Continental Shclf Lands ActAct (OCSLA), the Minerals Management ServiceService 

has regulatory authorit y over various activ ities o n the oes. Any oi l and gas explora tion(MMS)(MMS) has regulatory authorilY over various activities on the OCS. Any oil and gas exploration 
proposed by Shell would requi re approval fro m liS accordance with our ni les under 30 CFRproposed by Shell would require approval from us inin accordance with our rules under 30 CFR 
Pari 250. The EPA has autho rit y fo r qua li ty pc rmits wit hi n thc Alaska (and offshore allPan 250. The EPA has authority for airair quality permits within the Alaska OCSOCS (and offshore aJl 

coasts cxcept the G ulf o f Mex ico west egrees west lo ngitude. where MMS hasU.U. S.S. coasts except inin the Gulf of Mexico weSl ofof 87.587.5 ddegrees wesr longitude, where MMS has 
thc air quality authority.)tJle air quality authority.) 

This Chukchi Sea permi t wo uld the fi rst ai r qual ity permit issued on the forTills Chukchi Sca permit would bebe thc first air quality permit issued byby EPAEPA on the OCSOCS for 
sources bcyond twent y- fi vc miles of state boundaries. understand thc challenges facedsources beyond twenty-five (25)(25) miles of state boundaries. WeWe understand the challenges faced 
by the EPA in addressing issues with this fi rs t permit. We strongly cncouruge the EPA beby the EPA in addressing issues with lhis first permit. We strongly encourage thatthat Ule EPA be 
consistent in its pcrmit approach among all o f its Regions. While we continue to responsiblyconsistent in its permit approach among all of its Regions. While we continue 10 responsibly 
develop our nalion's oil g.lS resources, we strongly encoumge Ihe EPA to review udd ressdevelop our nalion's oil andand gas resources, we strongly encourage the EPA to review andand address 

comments they for thi s permi t u time ly manner so that the fin al penni l canthethe comments they receivereceive for this pennit inin a timely manner so that the final permir can bebe 
issued.issued. 

undcrstand thaI the evaluations for the permit (c.g. source cmiss ions. air quali ty modc ling,WeWe understand thaI the evaluations for the permit (e.g. source emissions. air quality modeling. 
quality monitoring dat'l. opemting cond itions) are primarily bascd on worse case analyses.airair quality monitoring data. operating conditions) nre primarily based on worse case analyses . 
encoumge Region usc morc realistic eval uations and to usc adaptive management asWeWe encourage Region XX toto use more realistic evaluations and to use adaptive management as 

informat ion is collected during activi ties as expcrience is gai ncd through th is ini tial permi t.infom1ation is collected during activities andand as experience is gained through this iniriaJ permit. 

also note that several permit requirements es tab li sh operatio nal parameters which couldWeWe aJso note tllat several permit requirements establish operational parameters which could 
cause unsafe cond itio ns for personal safety could limi t operational nexib ility to the point lhatcause unsafe conditions for pcrs Ilal safety andand could limit operational flexibility to the point that 
environmen tal safety may compromised withollt any obvioll s bene fi ts to air qua lity.environmental safety may bebe compromised withollt any obvious benefits to air quality. 

offer the fo llowing cOllllllents , with re ferences to the permit sectio ns:WeWe offer the following comments. with references \0 the permil sections: 

Front Locations or Acti vityFront Page:Page: Locations 01" ACl.ivity 
T he fro nt o f the permi t li sts the Chukc hi Sca lease blocks on which the permit wou ldThe (ront pagepage of the permit lists the Chukchi Sea OCSOCS lease blocks on which the pennit would 
apply. Please nole that before <lny exp lorato ry drilli ng could occur, She ll must submit <lnd haveapply. Please note that before any cxploralOry drilling could occur, Shell must submit and have 
MMS approve an Ex plorati on Plan. which li sts locations lhe wells that dri ll ed. T heMMS approve an Exploration Plan. which lists local ions ofof the wells that maymay bebe drilled. The 

PRIDE°6lF==- ~TAKETAKE PRIDE ll'f=: ~ 
INAMERICA~INAMERICA ~"--
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actualactual proposedproposed locationslocations ofof thethe activityactivity willwill bebe knownknown andand willwill bebe availableavailable toto EPA.EPA. ItIt isis notnot 
reasonablereasonable toto assumeassume thatthat everyevery leaselease blockblock willwill havehave activity.activity. 

Source-WideB.B. Source-Wide RequirementsRequirements 
RequirementRequirement B.B.B.B. "The"The permitteepermittee shallshall notnot flowflow testtest wells,wells, flareflare gas,gas, oror storestore liquidliquid 
hydrocarbonshydrocarbons recoveredrecovered duringduring wellwell testing."testing." TheThe requirementrequirement prohibitsprohibits anyany flowflow testingtesting ofof 
wellswells associatedassociated withwith thesethese activities.activities. ThisThis prohibitionprohibition limitslimits MMS'sMMS's abilityability toto assessassess anyany 
discoveriesdiscoveries forfor futurefuture developmentdevelopment decisionsdecisions andand subsequentlysubsequently couldcould leadlead toto additionaladditional 
unnecessaryunnecessary wellswells beingbeing drilled.drilled. FlowFlow teststests provideprovide keykey informationinformation onon thethe producibilityproducibility ofof 
wells.wells. StoringStoring liquidliquid hydrocarbonshydrocarbons fromfrom wellwell teststests shouldshould bebe allowed.allowed. FlaringFlaring ofof gasgas inin anan 
emergencyemergency situationsituation shouldshould bebe allowed.allowed. TheThe MMSMMS understandsunderstands thatthat thethe permitpermit requestrequest diddid notnot 
includeinclude provisionsprovisions forfor conductingconducting wellwell testing;testing; howeverhowever aa specificspecific prohibitionprohibition forfor thisthis activityactivity 
constrainsconstrains ourour abilityability toto assessassess futurefuture discoveries.discoveries. 

D.D. DiscovererDiscoverer PropulsionPropulsion EngineEngine 
RequirementRequirement D.l.D.l. "The"The permitteepermittee shallshall notnot operateoperate UnitUnit FD-7FD-7 forfor anyany reasonreason whenwhen operatingoperating thethe 
DiscovererDiscoverer asas anan oesoes Source."Source." TheThe requirementrequirement prohibitsprohibits thethe useuse ofof thethe mainmain propulsionpropulsion unitunit onon 
thethe DiscovererDiscoverer onceonce thethe vesselvessel hashas beenbeen anchoredanchored onon location.location. ThisThis restrictionrestriction impactsimpacts thethe safetysafety 
ofof thethe operationoperation inin thethe eventevent ofof aa stormstorm oror anan emergencyemergency disconnectdisconnect associatedassociated withwith aa possiblepossible 
wellwell controlcontrol eventevent oror iceice encroachment.encroachment. NotNot beingbeing ableable toto maintainmaintain instantinstant accessibilityaccessibility toto mainmain 
shipship propulsionpropulsion wouldwould extendextend responseresponse timetime toto thethe situationsituation andand increaseincrease potentialpotential risksrisks toto thethe 
shipship andand crew.crew. TheThe permitpermit shouldshould clarifyclarify andand accommodateaccommodate thethe useuse ofof thethe propulsionpropulsion enginesengines inin 
emergencyemergency situations.situations. 

E.E. DiscovererDiscoverer EmergencyEmergency GeneratorGenerator 
RequirementRequirement E.I.E.l. FD-8for"The"The permitteepermittee shallshall operateoperate UnitUnit FD-8 for nono moremore than:than: 
1.11.1 2020 minutesminutes duringduring anyoneanyone hour;hour; 
1.2201.220 minutesminutes duringduring anyoneanyone day;day; andand 

period. ..1.31.3 88 hourshours duringduring anyany rollingrolling 12-month12-month period." 

TheThe requirementrequirement limitslimits thethe useuse ofof thethe DiscovererDiscoverer EmergencyEmergency GeneratorGenerator toto nono moremore thanthan twentytwenty 

(20)(20) minutesminutes duringduring anyoneanyone day.day. WeWe assumeassume thisthis requirementrequirement isis forfor routine,routine, non-emergencynon-emergency 

activities.activities. ThisThis timetime limitlimit maymay impactimpact thethe safetysafety ofof personnelpersonnel ifif therethere isis aa criticalcritical needneed forfor useuse ofof 

thethe generatorgenerator inin anan emergencyemergency beyondbeyond thethe setset limit.limit. TheThe permitpermit shouldshould clarifyclarify andand accommodateaccommodate 

thethe useuse ofof thethe emergencyemergency generatorgenerator inin emergencyemergency situations.situations. 


N.N. IcebreakerIcebreaker #1#1 
DistancefromRequirementRequirement N.6.N.6. "Operating"Operating LocationLocation andand Distance from Discoverer.Discoverer. ExceptExcept whenwhen transferringtransferring 

andfrom ofpcrewcrew andand suppliessupplies toto andfrom thethe Discoverer,Discoverer, IcebreakerIcebreaker #1#1 shallshall operateoperate outsideoutside ofa conecone withwith itsits 
Discoverer.apexapex 150150 metersmeters behindbehind thethe stemstem ofof thethe Discoverer, plusplus andand minusminus 2020 degreesdegrees fromfrom thethe centerlinecenterline ofof 

thethe Discoverer,Discoverer, andand extendingextending 48004800 metersmeters beyondbeyond thethe bowbow o/theo/the Discoverer.Discoverer. "" 
sets·aThisThis requirementrequirement sets a distancedistance andand directiondirection prohibitionprohibition betweenbetween IcebreakerIcebreaker #1#1 andand thethe 

Discoverer.Discoverer. WeWe assumeassume thethe restrictionsrestrictions areare toto accountaccount forfor aa worseworse casecase pollutantpollutant modelingmodeling 
concentrationconcentration thatthat couldcould occuroccur ifif thethe windwind alignedaligned withwith thethe twotwo vesselsvessels alongalong theirtheir majormajor axes.axes. 
HoweverHowever thisthis maymay bebe aa rarerare eventevent (wind(wind directiondirection alongalong thethe majormajor vesselvessel axis).axis). SafeSafe vesselvessel 
operationoperation requiresrequires thethe flexibilityflexibility toto evaluateevaluate on-sceneon-scene circumstancescircumstances whichwhich mightmight affectaffect thethe safesafe 
operationoperation ofof thethe vesselsvessels associatedassociated withwith thethe operation.operation. IceIce andand weatherweather conditionsconditions andand iceice 
managementmanagement operationsoperations maymay requirerequire thatthat thethe locationlocation ofof thethe associatedassociated fleetfleet vesselsvessels bebe organizedorganized 
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conforminin suchsuch aa wayway asas toto enhanceenhance safetysafety thatthat doesdoes notnot confonn toto thisthis genericgeneric separationseparation scenario.scenario. TheThe 
permitpennit shouldshould clarifyclarify andand accommodateaccommodate suchsuch emergencyemergency configurations.configurations. 

#1RequirementRequirement N.?N.? "Attachment"Attachment toto Discoverer.Discoverer. AtAt nono timetime shallshall IcebreakerIcebreaker #/ bebe attachedattached toto thethe 
DiscovererDiscoverer.. .... 
AsAs statedstated thisthis requirementrequirement doesdoes notnot taketake intointo accountaccount maintainingmaintaining thethe safetysafety ofof thesethese vesselsvessels inin 
emergencyemergency situations,situations, includingincluding transferringtransferring crewcrew andand suppliessupplies inin emergencyemergency situations.situations. TheThe 
permitpennit shouldshould clarifyclarify andand accommodateaccommodate suchsuch emergencyemergency situations.situations. 

O.O. IcebreakerIcebreaker #2#2 
RequirementRequirement 0.6.0.6. "Operating"Operating DistanceDistance fromfrom Discoverer.Discoverer. ExceptExcept whenwhen transferringtransferring crewcrew andand 
suppliessupplies toto andand fromfrom thethe Discoverer,Discoverer, oror asas providedprovidedforfor inin ConditionsConditions 0.70.7 andand 0.8,0.8, IcebreakerIcebreaker #2#2 

150shallshall operateoperate outsideoutside ofofaa conecone withwith itsits apexapex /50 metersmeters behindbehind thethe stemstem ofof thethe Discoverer,Discoverer, plusplus andand 
minusminus 2020 degreesfromdegreesfrom thethe centerlinecenterline ofofthethe Discoverer,Discoverer, andand extendingextending 10001000 metersmeters beyondbeyond thethe bowbow 

Discoverer. .. ..ofofthethe Discoverer." 
RequirementRequirement 0.9.0.9. "Attachment"Attachment toto Discoverer.Discoverer. AtAt nono timetime shallshall IcebreakerIcebreaker #2#2 bebe attachedattached toto thethe 
Discoverer."Discoverer." 

N.7.SeeSee commentscomments forfor N.6N.6 andand N.? 

Q.Q. OilOil SpillSpill ResponseResponse FleetFleet 
"Operating Exceptfor andfromRequirementRequirement Q.4.Q.4. "OperaJing Location.Location. Except for transporttransport ofofcrewcrew andand suppliessupplies toto and from thethe 

DiscovererDiscoverer oror whenwhen respondingresponding toto anan oiloil spill,spill, thethe oiloil spillspill responseresponse fleetfleet shallshall operateoperate atat aa locationlocation 
thatthat isis downwindfromdownwindfrom thethe Discoverer."Discoverer." 
ItIt isis notnot atat allall clearclear whatwhat airair qualityquality purposepurpose thisthis serves,serves, andand wouldwould seemseem toto maximizemaximize airair qualityquality 
concentrationsconcentrations fromfrom thethe DiscovererDiscoverer andand thethe responseresponse fleet.fleet. IfIf therethere isis notnot anan airair qualityquality purpose,purpose, thisthis 
requirementrequirement shouldshould bebe deleted.deleted. MMSMMS hashas thethe jurisdictionjurisdiction forfor oiloil spillspill responseresponse plansplans forfor OCSOCS 
facilitiesfacilities (30(30 CFRCFR 254).254). IfIf therethere isis anan airair qualityquality purpose,purpose, wewe requestrequest thatthat youyou consultconsult withwith usus withwith 
regardregard toto effectseffects onon spillspill responseresponse plans.plans. 

RequirementRequirement Q.5.Q.5. "Attachment"Attachment toto Discoverer.Discoverer. AtAt nono timetime shallshall thethe NanuqNanuq oror anyany ofofthethe KvichakKvichak workwork 
Discoverer. ..boatsboats bebe attachedattached toto thethe Discoverer." 

N.7SeeSee commentcomment N.? 

R.R. Post-ConstructionPost-Construction AmbientAmbient AirAir QualityQuality MonitoringMonitoring 
1.1. "Ambient"Ambient AirAir QualityQuality MonitoringMonitoring Station.Station. TheThe pennitteepennittee shallshall install,install, operateoperate andand maintainmaintain aa 
FederalFederal ReferenceReference MethodMethod oror FederalFederal EquivalentEquivalent MethodMethod ambientambient airair qualityquality monitoringmonitoring stationstation toto 
measuremeasure andand recordrecord PM2.5PM2.5 concentrationconcentration datadata ........ .... 
2.2. "Meteorological"Meteorological MonitoringMonitoring Station.Station. TheThe pennitteepennittee shallshall install,install, operateoperate andand maintainmaintain aa 
meteorologicalmeteorological monitoringmonitoring stationstation toto monitormonitor andand recordrecord datadata........ .... 
3.3. "Ambient"Ambient AirAir QualityQuality andand MeteorologicalMeteorological MonitoringMonitoring Plan.Plan. AtAt leastleast 6060 daysdays priorprior toto thethe 
commencementcommencement ofof thethe datadata collection,collection, thethe pennitteepennittee shallshall submitsubmit toto EPAEPA forfor approvalapproval anan ambientambient airair 

plan forqualityquality andand meteorologicalmeteorological monitoringmonitoring planfor thethe post-constructionpost-construction monitoringmonitoring requirementsrequirements 
specifiedspecified inin ConditionsConditions R.R. JJ andand R.2R.2........ "II 

TheThe goalgoal ofof monitoringmonitoring isis toto getget aa representationrepresentation ofof thethe meteorologicalmeteorological andand ambientambient airair qualityquality 
conditionsconditions atat thethe sitesite ofof thethe activity.activity. BecauseBecause explorationexploration activitiesactivities areare temporarytemporary (lasting(lasting 
months,months, andand notnot operatingoperating yearyear around),around), fullfull yearyear datadata collectioncollection offshoreoffshore willwill bebe difficultdifficult toto 

permanentcollectcollect untiluntil pennanent facilitiesfacilities existexist onon whichwhich toto stationstation year-aroundyear-around equipment.equipment. WeWe encourageencourage 
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EPA to consider correlatio n onshore with avai lable data co ll ected o ffshore during theEPA 10 consider correlation ofof onshore datadata with available dara collected offshore during the 
ex ploration limcframes. T his is especiall y meaningful background concentrations are beingexploraLion (imeframes. Tbis is especially meaningful ifif background concentraljons are being 
used to to modeled concentrations offsho re. Corre latio n onshore ambientused 10 addadd (0 modeled concentrations offshore. Correlation ofof onshore ambient airair qualityquality 

cOllid be done with the onshore direction, 10 gel estimates offshoremonitoringmonitoring datadata could be done with the onshore windwind direction. (0 get estimates ofof thethe ofishore 
background.background. 

The has an ongoing study titled Beau/ortlChl/kchi Seas Mesoscale Meteorology ModelingThe MMSMMS has an ongoing study titled Beallforr/Chllkchi Seas Mesoscale Meteorology Modelillg 
Study Phase /I (AK·06·05) by the Un iversi ty Alaska Fairbanks, Gcophysicallnstitute. The5wdy Phase II (AK·06.05) by the University ofof Alaska Fairbanks. Geophysicallnstilute. The 
study goal is to ac hieve uccural e s imulation o f the Beaufort Chukchi surface wind andsludy goal is (0 achieve accurate simulalion of Lhe Beaufon andand Chukchi SeasSeas surface wind and 
associated mesoscale meteoro logy using availab le observational data from 1979-2009. Theassociated mesoscale meTeorology using available observational data from 1979·2009. TIle 
results Lhi s stud y will correlating onshore o ffshore data.results fromfrom Ihis study will aidaid inin correlali.ng onshore andand offshore data. 

YOll quesLions on ou r comments, please call Sharo n at 907-334-5200.IfIf you havehave anyany questions on our comments, please call Sharon WarrenWarren at 907·334-5200. 
appreciate coo rdination between staffs to dale o n oes issues, encourage continuedappreciate thethe coordination between ourour staffs 10 d<ltc on OCS issues. andand encourage conLinued 
coordination o n thi s an y future proposals.coordination on this andand any furure proposals. 

Sincerely. ) 

~!M 
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AEWC, ICAS, AND NORTH SLOPE BOROUGH COMMENTS REGARDING SHELL 

GULF OF MEXICO AND SHELL OFFSHORE INC.’S APPLICATION FOR AN OCS 

PSD PERMIT UNDER THE CLEAN AIR ACT FOR ITS CHUKCHI SEA 

OPERATIONS.
 

At the outset, Shell‟s application has been amended, corrected, and supplemented numerous 

times since it was originally submitted in December 2008, making the application very 

cumbersome for us to review. Our people have had to wade through thousands of pages of 

proposals, corrections and correspondence between Shell and EPA to determine how Shell‟s 

operations have been modified and to locate technical support data. While we disagree with the 

determination that Shell‟s permit application is complete (for the reasons discussed below), we 

also believe that Shell never submitted a final permit application that embodies all the revisions 

it agreed to make. A final complete application needs to be submitted for us to review and 
1 

comment upon. 

Most recently, on September 18, 2009, over a month into the public comment period, Shell 

provided additional corrections and supplements to its already complicated application and 

proposed submitting data at a later, yet to be determined date.
2 

As evidenced by Shell‟s latest 

revisions and as stated above Shell has thus not submitted a complete, final permit application 

ripe for public review and comment. We therefore request that Shell be required to correct and 

consolidate its permit application into one complete document that is made available to the 

public for review.  In conjunction with such a submission we ask that EPA “[p]repare a new draft 

permit, appropriately modified, under § 124.6,” “a revised statement of basis under sec. 124.7”
3 

and provide 30 days for the public to comment on the amended draft permit and accompanying 

materials.
4 

1 
With respect to Shell‟s PSD permit for its Beaufort Sea proposed operations, EPA stated 

“[i]ncorporating by reference components of the Chukchi Sea permit application in the Beaufort 

Sea application will slow EPA‟s review of the application, complicate the public review process, 

and lead to possible errors” and asked Shell to “submit a revised application that includes the 

relevant portions of the information [Shell] submitted for the” Chukchi.  Letter from Richard 

Albright, EPA to Susan Childs, Shell (Sept. 4, 2009).  We request that EPA ask Shell to submit a 

revised application here as it did with Shell‟s Beaufort application. 
2 

See Shell, Sept. 18, 2009 Submission (available at:  http://yosemite.epa.gov/R10/airpage.nsf/ 

Permits/chukchiap/$FILE/chukchi_shell_comments_091709.pdf).  

3 

40 C.F.R. § 124.15(b)(1)-(2)
 
4 

See, e.g., In re: Indeck-Elwood L.L.C., PSD APPEAL 03-04, Slip Op. at 30, 13 E.A.D. --

(Sept. 27, 2006) (remanding permit where the issuing agency added a “permit condition after the
	
close of the public comment period” that “changed the substance of the PSD permit” including
	
by “potentially” allowing “different emission characteristics”). 
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STATUTORY AND FACTUAL BACKGROUND.
 

Statutory Background. 

The prevention of significant deterioration (PSD) program was added to the Clean Air Act 

(CAA) in 1977. The PSD program helps ensure that national ambient air quality standards 

(NAAQS) are attained. It requires new major stationary sources to obtain preconstruction 

permits in areas where the NAAQS have been attained (attainment areas).
5 

In 1990, Congress 

decided to regulate air pollution in the Outer Continental Shelf (OCS) by amending the CAA to 

include the OCS program which regulates offshore entities by requiring them “to attain and 

maintain Federal and State ambient air quality standards and to comply with the” PSD program.
6 

EPA has promulgated regulations to control air pollution on the outer continental shelf (OCS) for 

this purpose.
7 

Under the PSD program if an OCS source is located 25 miles beyond a state‟s seaward boundary 

that source is “subject to the New Source Performance Standards (NSPS), in 40 C.F.R Part 60.”
8 

If the OCS source qualifies as “a major stationary source,” then the standards promulgated under 

“Section 112 of the CAA if rationally related to the attainment and maintenance of federal and 

state ambient air quality standards or the requirements of Part C of Title I of the CAA” – i.e., the 

NESHAPs – apply to the source.
9 

The potential for the OCS source to emit NSR pollutants
10 

must be calculated and the OCS source must apply for a Title V operating permit.
11 

The “PSD program includes a requirement” that the permit applicant evaluate “the effect that the 

proposed emissions are expected to have on air quality related values such as visibility, soils, and 

vegetation.”

12 
Before issuing a Prevention of Significant Deterioration (PSD) permit to a major
 

new stationary source (source), the EPA must conduct a Best Available Control Technology
 
(BACT) analysis for each pollutant that the source has the potential to emit pollutants in
 
significant quantities.

13
 

5 
42 U.S.C. § 7475.
 

6 
42 U.S.C. § 7627(a)(1).  


7 
See 40 C.F.R. part 55.
 

8 
EPA, Region 10, Statement of Basis for Proposed Outer Continental Shelf Prevention of
 

Deterioration Permit No. R10OCS/PSD-AK-09-01 Shell Gulf of Mexico Inc. Frontier 

Discoverer Drillship Chukchi Sea Exploration Drilling Program at 12 (Aug. 14, 2009) (hereafter 

“EPA Stmt of Basis”); see also 42 U.S.C. § 7627(a)(1) (EPA “shall establish requirements to 

control air pollution from Outer Continental Shelf sources located offshore of the States . . . to 

attain and maintain Federal and State ambient air quality standards and to comply with the
 
provisions of part C of subchapter I of this chapter”). 

9 

Id. (internal citations omitted).
 
10 

Here the relevant NSR pollutants are CO, NOx, PM, PM2.5, PM10, SO2, VOC, and CO2. 

11 

See 40 C.F.R. § 71.5(a)(1)(i).
 
12 

EPA Stmt of Basis at 13.  

13 

42 U.S.C. § 7475(a)(4).  
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Factual Background. 

The communities along the North Slope of Alaska compared to many communities in the United 

States have fewer combustion sources.
14 

While these communities are recipients of air pollution 

from other areas, they are relatively pristine areas. Shell has proposed a massive oil and gas 

exploration undertaking involving a drill ship, a fleet of support vessels including two ice 

breakers and aircraft traveling to and across the Arctic Ocean from July through October.  

Among the other known impacts associated with this action, the exploration activities will emit 

tons of health harming and climate changing pollutants into the air. 

According to EPA‟s calculations, in a given year Shell‟s proposed operations would result in 

emissions that are equivalent to the following number of passenger vehicles driving 12,000 

miles/year: 

	 For PM2.5 the total project emissions are 184 tons/year. This is equivalent to 3,311,978 

cars driving 12,000 miles per year. 

	 For PM10 the total project emissions are 210 tons/year. This is equivalent to 3,527,977 

cars driving 12,000 miles per year. 

	 For SO2 the total project emissions are 181 tons/year. This is equivalent to 2,042,315 cars 

driving 12,000 miles per year. 

	 For NOx the total project emissions are 1965 tons/year. This is equivalent to 211,916 cars 

driving 12,000 miles per year. 

	 For CO the total project emissions are 762 tons/year. This is equivalent to 3,336 cars 

driving 12,000 miles per year.
15 

These numbers demonstrate the significance of Shell‟s proposed operations on the fragile Arctic 

environment of the Chukchi Sea. The numbers assume that Shell‟s operations are stretched out 

over a full year, instead of the six or fewer months in which they will actually take place. 

Moreover, the calculations are for one year and not the three years or longer in which Shell will 

be operating.
16 

14 
See, e.g., EPA Stmt of Basis at 74 (noting that “Wainwright is a rural area with few 

combustion sources”).  
15 

EPA Region 10 Chukchi Q&A sheet received by NSB, August, 2009 (Appendix I). 
16 

Shell is planning to drill two exploration wells in the Beaufort and three wells in the Chukchi 

Sea for 2010, but states that in a given year “two wells are to be drilled.” Shell, Exploration Plan 

2010 Exploration Drilling Program, OCS Lease Sale 193, Chukchi Sea, Alaska, Environmental 

Impact Analysis, at 285 (July, 2009) (hereafter “Shell EP EIA”). Shell thus is contemplating 

work in the Arctic that will last at least three years.  See, e.g., Shell EP EIA at 355 (“Shell is 

committed to a CAA process and will demonstrate this by making a good-faith effort to negotiate 

an agreement every year it has planned activities.” (emphasis added)); Shell, Exploration Plan 

2010 Exploration Drilling Program, OCS Lease Sale 193, Chukchi Sea, Alaska, Lease 
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Additionally, prior oil and gas operations have impacted air quality. As EPA notes, “[o]zone 

levels” and the levels of “ozone precursors (i.e., NOx and VOC)” in areas where “oil and gas 

operations are currently located” are “higher than the levels that have been collected at the 

Wainwright monitoring site.”
17 

Thus, demonstrating the impacts such operations can have. 

Shell is proposing “to operate the Discoverer drillship and associated fleet in the Chukchi Sea” 

and seeks “a portable major source permit to allow for operation of the Discoverer and its 

associated fleet at” one or more of Shell‟s leases that it obtained during Lease Sale 193.
18 

Shell 

is proposing a “maximum of 168 drilling days (5.5 months), beginning in July of each year” and 

“[d]rilling is planned to begin no earlier than July of 2010 and continue seasonally (i.e. July to 

December each year) until the resources under Shell‟s current leases are adequately defined.”
19 

It is noteworthy that Shell is also currently proposing operations for the Beaufort Sea in 2010 

during the same timeframe as its Chukchi Sea operations and the company owns many more 

leases in these areas. Thus, the overall, cumulative impacts of Shell‟s proposed and likely future 

operations on the air quality of the North Slope must be accounted for.  

COMMENTS 

I.	 EPA Needs To Address Carbon Dioxide And Other Greenhouse Gas 

Emissions In The Draft Permit. 

Before issuing a PSD permit, the Clean Air Act requires that the EPA conduct a BACT analysis 

and include emissions limitations for “each pollutant subject to regulation” under the Act.
20 

Carbon dioxide is a pollutant under the CAA,
21 

and as described below is regulated under the 

Act and therefore needs to be included in the BACT analysis.  

A.	 Shell Will Emit Significant Amounts of CO2 and Other Greenhouse Gases 

That Must be Regulated as Part Of Shell’s Permit. 

The proposed permit for Shell‟s Chukchi Sea exploratory drilling program does not address 

carbon dioxide (CO2) or other greenhouse gases (GHGs) to be emitted from the proposed OCS 

sources. However, greenhouse gas emissions from oil and gas sources can be significant. The 

Arctic has already witnessed temperature increases that are twice as large as global averages and 

is poised to continue warming temperatures at greater levels than the rest of the world.
22 

The 

effects of global warming are acute in the Arctic where melting glaciers and rising sea levels 

Stipulations at 2 (July 2009) (“The lessee shall maintain a record of all personnel who attend the 

program onsite for so long as the site is active, not to exceed 5 years.” (emphasis added)).  

17 

EPA Stmt of Basis at 76.  

18 

EPA Stmt of Basis at 5.
 
19 

Id. at 9.
 
20 

42 U.S.C. § 7475(a)(4).  

21 

Massachusetts v. EPA, 549 U.S. 497 (2007). 

22 

See International Panel on Climate Change, Climate Change: 2007 Synthesis Report, at 30
 
(available at: http://www1.ipcc.ch/ipccreports/assessments-reports.htm).  
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threaten local species and coastal communities. In the Exploration Plan for the Chukchi 

exploration, Shell noted that the US Fish and Wildlife Service has recognized that climate 

change threatens the survival of marine mammals who depend upon sea ice.
23 

Reducing 

greenhouse gas emissions is imperative to slowing and stopping these dramatic events from 

further harming the people and ecosystem of the Arctic.
24 

The Discoverer drillship and its associated support vessels will contribute large amounts of heat-

trapping carbon dioxide, an estimated 20,000 tons, to the air each year from the Discoverer itself 

and about 55,000 tons per year from the Discoverer and its support vessels.
25 

Its annual carbon 

dioxide emissions would be akin to the annual carbon dioxide emissions from 11,000 cars.
26 

Marine diesel engines – such as those employed by Shell – when looked at cumulatively 

significantly degrade air quality, which is why there is an international agreement to reduce these 

emissions.
27 

Methane (CH4) emissions will also result from vented sources during Shell‟s exploration drilling 

program. Methane is of particular concern as a greenhouse gas since it is over 20 times more 

effective at trapping heat in the atmosphere than carbon dioxide over the same 100-year period.
28 

In fact, the CO2 and CH4 emissions from Shell‟s exploratory operations are hardly insignificant 

when considering the grave impacts to the Arctic Region from changes to the climate. 

EPA has recognized the need for regulation of these emissions announcing on September 30, 

2009 a proposal requiring large industrial facilities that emit at least 25,000 tons of greenhouse 

23 
Shell, Exploration Plan 2010 Exploration Drilling Program, OCS Lease Sale 193, Chukchi 

Sea, Alaska at 373 (July 2009) (hereafter “Shell 2010 Exploration Plan”). 
24 

In Shell‟s 2010 Exploration Plan the corporation highlights MMS's position that Shell's CO2 

emissions represent an “extremely small amount” of global greenhouse gases and thus the 

cumulative effects of Shell's CO2 emissions are insubstantial.  However, this position ignores the 

importance of incremental regulatory steps toward redressing harms caused by global warming.  

In Massachusetts v. EPA, the Supreme Court rejected the argument that mobile source emissions 

were such an insignificant amount of global greenhouse gases that regulation of those emissions 

could not redress the petitioners' injury from global warming because of the importance of 

incremental steps. 549 U.S. at 524-525. 
25 

Shell EP EIA at 36. 
26 

Based on EPA MOBILE6.2 fuel economy numbers, an average passenger vehicle emits 

approx. 5 metric tons of CO2 equivalent per year. “Emission Facts: Greenhouse Gas Emissions 

from a Typical Passenger Vehicle”, EPA420-F-05-004 February 2005 (available at: http://www. 

epa.gov/otaq/climate/420f05004.htm) (Appendix I). 
27 

EPA, Program Announcement:  International Maritime Organization Adopts Program to 

Control Air Emissions from Oceangoing Vessels (2008) (available at:  http://www.epa.gov/ 

oms/regs/nonroad/marine/ci/420f08033.pdf) (Appendix I). 
28 

EPA Methane Information (available at: http://www.epa.gov/methane/index.html) (Appendix 

I) ("Methane is of particular concern as a greenhouse gas since it is over 20 times more effective 

at trapping heat in the atmosphere than carbon dioxide over the same 100-year period."). 
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gases a year to obtain construction and operating permits covering these emissions.
29 

These 

permits must demonstrate the use of best available control technologies and energy efficiency 

measures to minimize greenhouse gas emissions. EPA has also finalized a rule to require 

mandatory reporting of greenhouse gas emissions, such as carbon dioxide, from “large sources” 

in the United States.
30 

Under the rule, EPA proposes to require facilities that emit 25,000 metric 

tons or more per year of greenhouse gas emissions to submit annual reports to EPA. These 

reporting standards should apply to the current proposal because Shell is proposing to emit 

approximately 55,000 tons of CO2 per year. 
31 

EPA must regulate these significant CO2 emissions from Shell's operations.
32 

In Alaska, the oil 

and gas industry emits 15.3 million metric tons of CO2 emissions each year.
33 

By conducting 

CO2 and GHG BACT analyses for Alaskan oil and gas sources that emit PSD thresholds of CO2 

and other GHGs, the agency could reduce a significant amount of these pollutants that are 

emitted. In doing so, the EPA would take an important step toward slowing the acute effects of 

global warming in the Arctic.  

B.  	 Carbon Dioxide is a Pollutant Subject to Regulation Under the CAA and 

Therefore Must be Included in Shell’s Permit. 

CO2 and other greenhouse gases clearly fall within the Clean Air Act‟s definition of “air 

pollutant.” The CAA defines “air pollutant” to include “any physical, chemical, biological, 

radioactive . . . substance or matter which is emitted into or otherwise enters the ambient air.”
34 

Further, the CAA specifically includes carbon dioxide in a list of “air pollutants.” Section 

103(g) of the CAA directs EPA to conduct a research program concerning “[i]mprovements in 

nonregulatory strategies and technologies for preventing or reducing multiple air pollutants, 

including . . .  . . carbon dioxide, from stationary sources, including fossil fuel power plants.”
35 

EPA is required to regulate emissions of air pollutants, including carbon dioxide, under a number
 
of the Clean Air Act‟s major substantive provisions, when, in EPA‟s judgment, such emissions 

cause or contribute to air pollution which “may reasonably be anticipated to endanger public
	
health or welfare.”

36 
Examples include: section 111 establishing new source performance
 

standards for categories of stationary sources; and section 202 establishing standards for
 
emissions from new motor vehicles. EPA requires that major sources monitor, record, and report
 

29 
See Fact Sheet -- Proposed Rule: Prevention of Significant Deterioration and Title V
 

Greenhouse Gas Tailoring Rule (available at: http://www.epa.gov/NSR/fs20090930action.html)
 
(Appendix II).
 
30 

See Background information on the Proposed Mandatory GHG Reporting Rule (available at:
 
http://www.epa.gov/climatechange/emissions/ghgrulemaking.html) (Appendix II). 

31 

Shell EP EIA at 36.
 
32 

Shell EP EIA at 36.
 
33 

Shell EP EIA at 53.
 
34 

42 U.S.C. § 7602(g) (emphasis added).  

35 

42 U.S.C. § 7403(g)(1) (emphasis added).
 
36 

42 U. S. C. § 7521(a)(1). 
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emissions of CO2 pursuant to section 821 of the CAA.
37 

Further, the Act‟s definition of 

“welfare,” specifically includes effects on “climate” and “weather.”
38 

Section 165(a)(2) of the 

CAA provides that a major emitting facility is “subject to the best available control technology 

for each pollutant subject to regulation under [the Clean Air Act] emitted from, or which results 

from, such facility.”
39 

Additionally, EPA approved a State Implementation Plan ("SIP") revision for Delaware that 

includes actual emissions limitations of CO2 for generators.
40 

Moreover, EPA is currently in the 

process of increasing its regulations of CO2 and other greenhouse gases. Recently, the EPA 

released a draft endangerment finding for CO2 – i.e., the first necessary step toward establishing 

NAAQS for a pollutant – and is taking public comment on how to manage CO2 within the PSD 

program. 
41 

In conjunction with the National Highway Traffic Safety Administration, EPA has 

issued draft regulations to control greenhouse gas emissions from mobile sources.
42 

Recently, the Environmental Appeals Board (EAB) remanded two PSD permits where the 

permitting agencies failed to articulate a rationale basis for not conducting a BACT analysis for 

CO2.
43 

In both Deseret and Northern Michigan, the EAB determined that the permitting 

authorities had not provided sufficient information in the administrative record as to why a 

BACT analysis was not required for CO2. In doing so, the EAB rejected the permitting 

authorities‟ arguments as to why CO2 is not subject to regulation. 

In Deseret, EPA Region 8 argued it was constrained by the historical agency interpretation that 

"subject to regulation" meant a pollutant had an actual emission limitation or control, which were 

not present in section 821's monitoring and reporting requirements. Region 8 also argued that 

section 821 is not actually part of the CAA because it was not written into the U.S. Code.
44 

The 

37 
See, 40 C.F.R. § 75.  Section 821 of Pub.L. 101-549 stated that:  “(a) Monitoring.--The 

Administrator of the Environmental Protection Agency shall promulgate regulations within 18 

months after the enactment of the Clean Air Act Amendments of 1990 to require that all affected 

sources subject to Title V of the Clean Air Act shall also monitor carbon dioxide emissions 

according to the same timetable as in section 511(b) and (c). 
38 

42 U.S.C. § 7602(h). 
39 

42 U.S.C. § 7475(a)(2). 
40 

73 Fed. Reg. 23101-23103 (April 29, 2008).  
41 

Proposed Endangerment and Cause or Contribute Findings for Greenhouse Gases Under 

Section 202(a) of the Clean Air Act, 74 Fed. Reg. 18886 (April 24, 2009); PSD: Reconsideration 

of Interpretation of Regulations That Determine Pollutants Covered by the Federal PSD Permit 

Program, 74 Fed. Reg. 51535-51549 (Oct. 7, 2009). 
42 

Proposed Rulemaking To Establish Light-Duty Vehicle Greenhouse Gas Emission Standards 

and Corporate Average Fuel Economy Standards, 74 Fed. Reg. 49453-49502 (Sept. 28, 2009). 
43 

See In re: Deseret Power Electric Cooperative, PSD Appeal No. 07-03, 14 E.A.D. --- (Nov. 

13, 2008); In re: Northern Michigan University Ripley Heating Plant, PSD Appeal No. 08-02, 14 

E.A.D. --- (Feb. 18, 2009).   

44 

EPA is reconsidering its interpretation of this provision, see PSD: Reconsideration of
 
Interpretation of Regulations That Determine Pollutants Covered by the Federal PSD Permit 

Program, 74 Fed. Reg. 51535-51549 (Oct. 7, 2009).
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EAB flatly rejected Region 8's argument, stating it was at odds with the agency's prior stance on 

section 821.  In doing so, the EAB suggested that CO2 is subject to regulation under section 821: 

the preamble as a whole augers in favor of a finding that the Agency expressly 

interpreted 'subject to regulation under this Act' to mean 'any pollutant regulated 

in Subchapter C of Title 40 of the Code of Federal Regulations for any source 

type.‟
45 

The permitting agencies in Deseret and Northern Michigan could not provide an adequate 

explanation why CO2 is not subject to regulation because there simply is not one. Between 

section 821 of the CAA and Delaware's emissions limitations on electrical generators, CO2 is 

definitively regulated under the CAA and must be subject to a case-by-case BACT analysis for 

new sources that will emit the pollutant in significant amounts. In the absence of a BACT 

analysis for Shell's operations, the EPA must provide a legally defensible justification as to why 

CO2 is not subject to regulation under the Act.   

II.	 BACT Must Be Applied To All The Vessels And Emission Units That Shell Intends 

To Use In Order To Ensure Compliance With The Clean Air Act. 

The Clean Air Act requires Best Available Control Technology (BACT) for both the Discoverer, 

an OCS source, and its support vessels. Thus, before issuing a Prevention of Significant 

Deterioration (PSD) permit to a major new stationary source (source), the EPA must conduct a 

BACT analysis for each pollutant that the source has the potential to emit in significant 

quantities.
46 

In the draft PSD permit for Shell's Chukchi operations, BACT has been applied to select 

emission units on-board the Discoverer and to the support vessel only while it is attached to the 

Discoverer. BACT has not been required for the Discoverer‟s propulsion engine or the other 

numerous vessels that are associated with Shell‟s proposed operations (hereafter ancillary fleet or 

ancillary vessels). These vessels include two icebreakers, a resupply ship, and an oil response 

fleet (composed of one offshore management ship and three 34-foot work boats). This is 

significant because the ancillary vessels account for at least 97 percent of Shell's overall 

emissions for five of the criteria air pollutants and the emissions from Discoverer‟s propulsion 

engine have yet to be calculated.
47 

The ancillary vessels and Discoverer‟s propulsion engine must be regulated as part of the 

emissions from the “OCS source.” Issuing a permit that fails to require BACT for these vessels 

45 
In re: Deseret Power Electric Cooperative, PSD Appeal No. 07-03, Slip Op. at 3. 

46 
42 U.S.C. § 7475(a)(4).  

47 
See, Appendix A, EPA Stmt of Basis at A-1: Summary of Annual Emissions for the 

Discoverer and the Associated Fleets. (i.e., the Discoverer is projected to emit 52.34 tons/year of 

NOx while the associated fleet is projected to emit 1,912.29 tons/year of NOx.  Overall, Shell's 

operations will emit 1964.63 tons/year of NOx, of which the associated fleet is responsible for 

97.3%) 
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and engines would result in violations of section 328 of the CAA, contravene Congress‟s clear 

intention to regulate the emissions from vessels associated with drill ship exploration, would be 

counter to the goals of the PSD program which include protecting public health and welfare, and 

areas of “regional natural” value,
48 

and a misapplication of 40 C.F.R. § 55.2. As discussed 

below, BACT needs to be applied to the ancillary vessels and Discoverer‟s propulsion engine.  

A. 	 Shell’s Ancillary Vessels Supporting the OCS Source (the Discoverer) are 

Considered Direct Emissions From the Discoverer for Purposes Of BACT 

Regulation. 

In section 328 of the Clean Air Act, Congress directed EPA to promulgate regulations to control 

air pollution over the Outer Continental Shelf (OCS) and provided a broad definition of OCS 

source: 

The terms "Outer Continental Shelf source" and "OCS source" include any 

equipment, activity, or facility which-

(i) emits or has the potential to emit any air pollutant, 

(ii) is regulated or authorized under the Outer Continental Shelf Lands Act (43 

U.S.C.A. § 1331 et seq.], and 

(iii) is located on the Outer Continental Shelf or in or on waters above the Outer 

Continental Shelf. 

Such activities include, but are not limited to, platform and drill ship exploration, 

construction, development, production, processing, and transportation. For 

purposes of this subsection, emissions from any vessel servicing or associated 

with an OCS source, including emissions while at the OCS source or en route to 

or from the OCS source within 25 miles of the OCS source, shall be considered 

direct emissions from the OCS source.
49 

The Conference Report accompanying this provision explains: 

Marine vessels emissions, including those from crew and supply boats, 

construction barges, tugboats, and tankers, which are associated with an OCS 

activity, will be included as part of the OCS facility emissions for the purposes of 

regulation. Air emissions associated with stationary and in-transit activities of the 

vessels will be included as part of the facility's emissions for vessel activities 

within a radius of 25 miles of the exploration, construction, development or 

production location. This will ensure that the cruising emissions from marine 

48 
42 U.S.C. § 7470. 

49 
42 U.S.C. § 7627(a)(4)(C).  
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vessels are controlled and offset as if they were part of the OCS facility's 

emissions.
50 

Thus, the legislative history evinces Congress's intent to count marine vessel emissions as direct 

emissions from an OCS source not solely for the purposes of a potential to emit calculation, but 

also for the "purposes of regulation." The Senate Report confirms Congress's intent to regulate 

emissions from vessels: 

[A]ll emissions from marine vessels (including engine emissions) which service 

or are associated with an OCS source, are subject to the same permitting, 

enforcement, monitoring, reporting, and offset requirements which would apply if 

these vessels were located in the corresponding onshore (State waters) area. This 

is intended to include emissions generated while vessels are traveling within the 

same air basin. These requirements should apply to vessel emissions occurring 

while at the OCS source, or when enroute to or from the OCS source and to or 

from the corresponding onshore area.
51 

Despite the clear statutory language of the CAA and intent of Congress, the emissions from 

Shell‟s ancillary vessels are not being controlled. 

The Discoverer clearly meets the definition of an “OCS source” under section 328 of the Act. In 

order to be subject to the PSD program, the emissions from the Discoverer‟s engines (minus the 

propulsion engine) and the ancillary vessels were added together and Shell‟s operations were 

determined to be a “major source” and thus, subject to regulation under the PSD program.
52 

However, when it came time to apply control technologies to Shell‟s operations, the ancillary 

vessels (aside from the supply vessel when it is attached to Discoverer) were excluded.  


Application of BACT to all the ancillary vessel and propulsion engine emissions is necessary
 
because they are “emissions from [] vessel[s] servicing or associated with an OCS source,”

53
 

here the Discoverer, “including emissions while at the OCS source”
54 

and such emissions “shall
 
be considered direct emissions from the OCS source.”

55 
These emissions “will be included as
 

part of the OCS facility emissions for the purposes of regulation.”
56 

Therefore, since Shell‟s
	
ancillary vessels are associated with the Discoverer (irrespective of whether they are OCS
 
sources in and of themselves), they are to be considered for regulatory purposes as direct 


50 
136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).  


51 
S. Rep. 101-228, 1990 U.S.C.C.A.N. 3385 (Dec. 20, 1989).
 

52 
See Appendix A, EPA Stmt of Basis at A-1.  The supporting vessels will emit the following
 

percentages of the total projected project emissions for each criteria pollutant: 98% of CO, 97%
 
of NOx, 97% of PM2.5, 98% of PM10, 99.8% of VOC, and 85.7% of lead. Shell estimated that 

the ancillary vessels have the potential to emit significant amounts of criteria pollutants in an 

overwhelmingly greater amount than the Discoverer. 

53 

42 U.S.C. § 7627(a)(4)(C).  

54 

42 U.S.C. § 7627(a)(4)(C).  

55 

42 U.S.C. § 7627(a)(4)(C).  

56 

136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).  
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emissions from the source.
57 

The statutory definition of "OCS source" does not exempt any 

activities or parts of an OCS source from the control technologies requirements.
58 

Presumably BACT was not applied to the ancillary vessels based on EPA‟s application of its 

regulatory definition of “OCS source,”
59 

to Shell‟s proposed operations. The regulatory 

definition as applied here violates the plain language of the statute.
60 

B.  	 EPA’s Interpretation of OCS Source is Inconsistent with Its Implementation 

of the PSD Program. 

The EPA‟s application of the term “OCS source” in Shell‟s permit is also inconsistent with the 

agency‟s administration of the PSD program as a whole. In its PSD regulations, EPA defined a 

"stationary source" – i.e., one that is subject to regulation under the program – as "any building, 

structure, facility, or installation," which in turn is defined as "all of the pollutant-emitting 

activities which belong to the same industrial grouping, are located on one or more contiguous or 

adjacent properties, and are under the control of the same person (or persons under common 

control)."
61 

This is an incredibly broad interpretation of the activities that are covered under the PSD 

program.  Indeed, the EPA has determined that facilities a mile or more apart are the same source 

for purposes of the PSD program.
62 

Therefore, it is arbitrary for EPA on the one hand to 

implement the PSD program broadly on-shore, while narrowing the same program significantly 

when the activities are occurring offshore. This interpretation is also contrary to Congressional 

intent that OCS sources comply with the same requirements as non-OCS sources.
63 

57 
We also point out that the ancillary vessels are authorized under the Outer Continental Shelf 

Lands Act (OCSLA) because Minerals Management Service (MMS) must approve Shell's 

exploration plan and issue a permit to commence exploration before Shell‟s operations – which 

the supporting vessels are an essential part of – can commence.  See 43 U.S.C. § 1340(b). 
58 

42 U.S.C. § 7627(a)(4)(C).  
59 

See 40 C.F.R. § 55.2. 
60 

See 42 U.S.C. § 7627(a)(4)(C).  
61 

40 C.F.R. § 52.21.  
62 

See EPA, Memorandum from Douglas E. Hardesty to Robert R. Robichaud, Re: Forest Oil 

Kustatan Facility and Osprey Platform Construction Permitting Applicabilitv Determination 

(Aug. 21, 2001) (Appendix II) (2.8 miles); EPA, Memorandum from Director to Clyde B. Eller, 

Re: Shell Oil Company Wilmington Complex Specification of “Source” (May 16, 1980) 

(Appendix II).  
63 

See Senate Report 101-228, 1990 U.S.C.C.A.N. 3385, 3463 (December 20, 1989) (explaining 

that “[t]his section of the bill is intended to ensure that air pollution from OCS activities does not 

degrade the air quality in coastal regions of the United States. This is to be achieved by applying 

the same air quality protection requirements as would apply if the OCS sources were located 

within the corresponding onshore area.”) 
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C. BACT Must also Be Applied to the Discoverer’s Propulsion Engine. 

OCS sources are subject to PSD permitting requirements, including BACT.
64 

Nevertheless, 

BACT is not being applied to the propulsion engine on the Discoverer.
65 

This is critical because 

the propulsion engine is a major contributor of air pollutants given its size (7,200 horse power 

engine). For example, Shell estimates that bringing the Discoverer into and out of the 25-mile 

radius of a drill site would result in the addition of half a ton of NOx to Shell‟s overall 

emissions.
66 

By exempting the propulsion engine from regulation as an OCS source, EPA has 

ignored its duty to control air pollution on the OCS in a manner to "attain and maintain Federal 

and State ambient air quality standards."
67 

Without including the Discoverer's propulsion engine 

in the potential to emit (PTE) calculation, EPA cannot guarantee that Shell's drill ship 

exploration will not violate the NAAQS. EPA must include the propulsion engine within the 

PTE calculation and conduct a BACT analysis for it.  

Congress intended to regulate drill ship exploration that has the potential to emit air pollutants, is 

authorized by OCSLA, and is "in or on waters above the Outer Continental Shelf."
68 

The 

propulsion engine on the Discoverer is intrinsic to its operations and will transport the ship 

within the 25-mile radius surrounding the drill site when Shell is moving on to and off the site 

and moving between lease blocks.
69 

Shell‟s application also states that the rig may need to leave 

the drill-site and return due to adverse ice conditions or other factors.
70 

Thus, the statutory 

definition of OCS source includes the Discover's propulsion engine as the ship moves within the 

25-mile radius of the drill site. 

The legislative history of section 328 explains that: 

Air emissions associated with stationary and in-transit activities of the vessels 

will be included as part of the facility's emissions for vessel activities within a 

radius of 25 miles of the exploration, construction, development or production 

location. This will ensure that the cruising emissions from marine vessels are 

controlled and offset as if they were part of the OCS facility's emissions.
71 

64 
40 C.F.R. § 55.13(d). 

65 
EPA Stmt of Basis at 26.  

66 
Id. 

67 
42 U.S.C. § 7627(a)(1).  


68 
42 U.S.C. § 7627(a)(4)(C).  


69 
See Air Sciences, Outer Continental Shelf Pre-Construction Air Permit Application Revised 


Frontier Discoverer Chukchi Sea Exploration Drilling Program Prepared for Shell Offshore Inc. 

at 25 (Feb. 2009) (hereafter “Shell Revised OCS App.”) (The potential to emit does not include
 
“the Discoverer propulsion emissions for the approximate four hours of time to bring the 

Discoverer the final 25 miles to the drill site and move it away”).  

70 

Shell Revised OCS App. at 4.
 
71 

See 136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).  In addition, Congress 

explicitly listed drill ship exploration as an example of an activity that falls within the definition 

of OCS source.  Drill ship exploration inherently includes the use of propulsion engines for
 
reaching the drill site and maneuvering to place the ship's anchors.  
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However, when EPA promulgated the OCS CAA regulations at 40 C.F.R § 55.2, EPA replaced 

Congress's inclusive definition of "OCS source" with an exclusive one: 

OCS source means any equipment, activity, or facility which: 

(1) Emits of has the potential to emit any air pollutant; 

(2) Is regulated or authorized under the Outer Continental Shelf Lands Act 

("OCSLA") (43 U.S.C. § 1331 et seq.); and 

(3) Is located on the OCS or in or on waters above the OCS. 

This definition shall include vessels only when they are: 

(1) Permanently or temporarily attached to the seabed and erected thereon and 

used for the purpose of exploring, developing, or producing resources therefrom, 

within the meaning of section 4(a)(1) of OCSLA (43 U.S.C. § 1331 et seq.); or 

(2) Physically attached to an OCS facility, in which case only the stationary 

sources aspects of the vessels will be regulated.
72 

Because Congress provided an inclusive definition of "OCS source," EPA did not have the 

discretion to re-define and narrow Congress's definition. 

When Congress uses inclusive language in a statutory definition, the definition is unambiguous 

and EPA cannot restrict that definition through a regulatory interpretation.
73 

In Massachusetts, 

the Supreme Court rejected EPA's reading of the CAA definition of "air pollutant" to exclude 

carbon dioxide because the statutory definition of "air pollutant" is unambiguous. In finding the 

statutory text unambiguous, the Supreme Court emphasized the "sweeping" language in the 

definition of "air pollutant": "includes any." Because the statute was unambiguous and sweeping, 

the Supreme Court rejected EPA's attempt to exclude carbon dioxide by relying on post-

Congressional enactments.
74 

As in Massachusetts, EPA's regulatory definition of "OCS source" 

has impermissibly narrowed an unambiguous definition. In section 328, Congress provided a 

similarly "sweeping" definition of "OCS source" by using the expansive language "includes 

any."
75 

Thus, Congress's definition of "OCS source" is unambiguous and EPA did not have the 

authority to interpret and restrict that definition as only applying to vessels in limited instances. 

Furthermore, Congress provided that equipment authorized under the OCSLA, and not just 

regulated under the OCSLA, would be defined as an OCS source under the CAA. Vessels 

authorized under OCSLA include not only those attached to the seabed but also those involved 

72 
40 C.F.R § 55.2.  


73 
See Massachusetts v. EPA, 549 U.S. at 528-529 (stating that the CAA definition of "air 


pollutant" is unambiguous because Congress used inclusive language).  

74 

Id. 
75 

42 U.S.C. § 7627(a)(4)(C). 
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with exploration, development, and production.
76 

Those activities, as defined under OCSLA, 

require a number of vessels that are never attached to the seabed. For example, "exploration" 
77 78

includes seismic testing with ships, "development" includes "geophysical activity," and 

"production" includes "transfer of minerals to shore."
79 

Thus, EPA impermissibly excluded an entire category of unattached vessels that are authorized 

under the OCSLA – i.e., all the equipment and activities that are authorized under the OCSLA 

but are not attached to the seabed. In the preamble to the regulatory definition of "OCS source," 

EPA explains why it chose to require that vessels be attached to the seabed: 

Section 328(a)(4)(C)(ii) defines an OCS source as a source that is, among other 

things, regulated or authorized under the OCSLA. The OCSLA in turn provides 

that the Department of the Interior ("DOI") may regulate "all installations and 

other devices permanently or temporarily attached to the seabed, which may be 

erected thereon for the purpose of exploring, developing, or producing resources 

therefrom, or any such installation or other device (other than a ship or vessel) for 

the purpose of transporting such resources." 43 U.S.C. § 1333(a)(1). Vessels 

therefore will be included in the definition of "OCS source" when they are 

"permanently or temporarily attached to the seabed" and are being used "for the 

purpose of exploring, developing or producing resources therefrom."
80 

The preamble highlights that EPA developed the requirement that vessels be attached to the 

seabed because of its (mistaken belief) that DOI only has the authority to regulate attached 

vessels under the OCSLA.  OCSLA negates this.  

Presumably, the Discoverer‟s propulsion engine is not being regulated based on Shell‟s assertion 

that "the propulsion engine will be shut down prior to placement of the first anchor and turned 

back on only after removal of the final anchor."
81 

We request that EPA consult with the US 

Coast Guard (USCG) to determine if it is safe to completely shut-down the Discoverer‟s 

propulsion engine while setting anchors, especially in rough sea conditions. Shell‟s application 

states that once the Discoverer arrives at the drill site, the propulsion unit will be shutdown prior 

to setting the first anchor and that the drillship will be anchored and kept in position by support 

vessels during the entire time at the drill site, up to and including removal of the last anchor.
82 

Typically large vessel propulsion engines continue to operate while anchors are set and are 

started prior to releasing anchors, this way the captain has full control of the vessel while anchors 

are set and released. Setting a large drillship adrift in heavy ice conditions without an 

operational propulsion systems does not appear to be a safe plan. 

76 
42 U.S.C. § 7627(a)(4)(C).  


77 
43 U.S.C. § 1331(k).
 

78 
43 U.S.C. § 1331(l).  


79 
43 U.S.C. § 1331(m). 


80 
57 Fed. Reg. 40792, 40793 (Sept. 4, 1992).  


81 
Id. 


82 
Shell Revised OCS App. at 6.
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Indeed, both Shell and EPA acknowledge in discussing ice management that “it is important that 

the Discoverer‟s bow be facing into the wind (+/- 15 degrees) so that any oncoming ice will 

contact the Discoverer only on the bow.”
83 

While a turret and hydraulic jacks (powered by the 

ship‟s main generators) help Discoverer maintain this position once it is anchored, neither Shell 

nor EPA explain how Discoverer will keep its bow facing the wind while the ship is being 

anchored.     

Of note, Shell‟s 2007 Air Permit Application for the Discoverer
84 

stated that the propulsion 

engines on the Frontier Discoverer would be operated during anchoring: 

The emissions from propulsion engines on the Frontier Discoverer and the Jim 

Kilabuk are not considered in the assessment, since these propulsion engines will 

be used very briefly to maneuver the Frontier Discoverer when it is being 

anchored or to maneuver the Jim Kilabuk when it is near the Frontier Discoverer 

drill rig.
85 

We ask that Shell be required to provide more information on its station-keeping operations for 

the drillship while at the drillsite. Shell does not explain its method for station-keeping during 

adverse weather conditions at the drill site. Please clarify whether the drillship propulsion 

engines are required to support station-keeping operations. Also, please verify Shell‟s station-

keeping plans and consult with USCG on this topic. If the Discoverer propulsion engines are 

required for safe anchoring and sea-keeping at the drill site, then those emissions should be 

included in the source‟s potential to emit (PTE) and BACT should be applied. 

III.   The EPA Failed To Make An Adequate BACT Determination. 

For all sources subject to BACT, EPA must establish an “emission limitation based on the 

maximum degree of reduction” for each pollutant that the source will emit in significant 

quantities.
86 

To determine the appropriate emission limitation, the EPA may take into account,
 
“energy, environmental, and economic impacts and other costs.”

87 
In doing so, the EPA must
 

adequately justify and explain its decision to eliminate control technologies due to technical
 
infeasibility or collateral impacts.

88
 

In applying BACT here, EPA utilized the top-down approach.
89 

As EPA explained in its New
 
Source Review Workshop Manual:
 

83 
EPA Stmt of Basis at 36. 


84 
Appendix D to Shell 2010 EP, at 13. 


85 
Appendix D to Shell 2010 EP, at 13 (emphasis added). 


86 
42 U.S.C. § 7479(3).  


87 
Id. 


88 
In re: Knauf Fiber Glass, GMBH, 8 E.A.D. 121, 131 (Feb. 4, 1999) (remanding a PSD permit 


to the permitting agency).  

89 

See EPA, New Source Review Workshop Manual (1990) (available at: http://www.epa.gov/ 

ttn/nsr/gen/wkshpman.pdf).    
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the top-down process provides that all available control technologies be ranked in 

descending order of control effectiveness. The PSD applicant first examines the 

most stringent--or “top”--alternative. That alternative is established as BACT 

unless the applicant demonstrates, and the permitting authority in its informed 

judgment agrees, that technical considerations, or energy, environmental, or 

economic impacts justify a conclusion that the most stringent technology is not 

"achievable" in that case. If the most stringent technology is eliminated in this 

fashion, then the next most stringent alternative is considered, and so on.
90 

Thus, BACT requires that EPA do more than summarily dismiss technologies and instead 

provide "a clearly ascertainable basis for a conclusion."
91 

In Knauf Fiber Glass, the 

Environmental Appeals Board was unable to ascertain whether a PSD permit included the best 

available control technology for the source because the permitting authority did not provide 

proper documentation of the potential control technologies and a technical feasibility analysis.  

The EAB required the permitting authority to conduct a supplemental BACT analysis that 

included a list of control options, an explanation of the technical feasibility analysis, and 

justifications for eliminating control options.
92 

In Shell's draft permit, EPA purports to have set BACT for all required sources. While BACT 

has purportedly been required for all the necessary sources, in reality only certain sources are 

receiving certain controls. A rigorous analysis must be undertaken to arrive at BACT for all 

required sources. In situations like this, the EAB has emphasized that an agency's less than 

rigorous analysis is not BACT: 

If reviewing authorities let slip their rigorous look at 'all' appropriate technologies, 

if the target ever eases from the 'maximum degree of reduction' available to 

something less or more convenient, the result may be somewhat protective, may 

be superior to some pollution control elsewhere, but it will not be BACT.
93 

In Shell's draft permit, EPA failed to meet the rigorous BACT demands because the agency did 

not: (1) take into account that this is the first major source permit for an OCS source; (2) 

identify all available control technologies; (3) adequately support its decision to eliminate the 

best available control technology for several engines and pollutants; and (4) conduct BACT for 

the propulsion engines and ancillary vessels. 

A. There are Overarching Problems with the BACT Analysis. 

The efforts to apply BACT for conventional industrial sources to Shell‟s OCS operations has 

failed to result in appropriate controls being applied to Shell‟s operations. As the EAB has 

90 
Id. at B.2.  


91 
In re: Knauf Fiber Glass, 8 E.A.D. at 134.
 

92 
Id.
 

93 
In re: Northern Michigan University Ripley Heating Plant, PSD Appeal No. 08-02, Slip Op. at 


16, 14 E.A.D. --- (EAB Feb. 18, 2009).  
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explained “BACT is [] a site-specific determination that results in the selection of an emission 

limitation representing application of control technology or methods appropriate for the 

particular facility.”
94 

As Shell recognized, “OCS exploratory drilling operation is substantially 

different than the industrial sources typically addressed by the PSD permit process . . . .”
95 

This 

is precisely why it is imperative that Shell and EPA think outside the box in applying BACT to 

the engines on the Discoverer and why BACT for conventional industrial sources cannot serve as 

the universe of “all available control technologies” for Shell‟s operations. 

Additionally, there are many aspects of Shell‟s proposed operations that are being “regulated” by 

good control practices rather than the application of new control technologies or retrofits.
96 

Shell 

rationalizes its proposed use of good control practices by explaining that while the Discoverer is 

considered a new source, it has old engines on board that do not “fit” well within the “typical 

permit process.”
97 

The fact that Shell has elected to pursue its operations using an old drill ship 

– rather than incurring the cost of utilizing or constructing a new one – cannot result in the 

automatic conclusion that retrofitting or replacing certain engines as part of the application of 

BACT is not economical or technologically feasible.
98 

This is not defensible without at least a 

discussion of the costs associated with using the Discoverer versus a newer or newly constructed 

drill ship and/or engines as compared to the costs of retrofitting or updating engines on the 

Discoverer.    

B.	 Step One of the BACT Analysis for Shell’s Proposed Operations is 

Inadequate. 

The first step of the BACT analysis for Shell‟s operations is inadequate. As the EAB has 

explained, “[t]he first step of the top-down methodology is to “identify, for the emissions unit in 

question . . . all ‘available’ control options.”
99 

However, EPA in several instances has simply 

accepted Shell‟s list of possible control options and failed to explain that “all available control 

options” were considered and what those options would be for each engine.
100 

In as much as EPA goes beyond the list of possible control technologies provided by Shell, it
 
fails to explain how it learned of these technologies and whether there are other control options 


94 
In re: Desert Rock Energy Company LLC, Slip Op. at 52 (citing In re Prairie State
 

Generating Co., PSD Appeal No. 05-05, Slip Op. at 15 (EAB Aug. 24, 2006), aff’d sub. nom
	
Sierra Club v. U.S. EPA, 499 F.3d 653 (7th Cir. 2007)).  

95 

Shell Revised OCS App. at 29.  

96 

See e.g., EPA Stmt of Basis at 50 (“BACT for NOx for the smaller diesel IC engines [is] the 

good combustion practice of operating and maintaining the engines according to the
 
manufacturer‟s recommendations”); see also Appendix A.  

97 

Shell Revised OCS App. at 29.
 
98 

See e.g., EPA Stmt of Basis at 55 (“Tier 2 or Tier 3 level controls are intrinsic to the original 

engine design; and, therefore, are not considered technically feasible in this case since they are
 
not part of the design of the existing Caterpillar D399 diesel engines.”). 

99 

In re ConocoPhillips Co., PSD Appeal No. 07-02, Slip Op. at 28, 13 E.A.D. --- (EAB June 2, 

2008) (quoting NSR Manual at B.5) (emphasis added). 

100 

See, e.g., EPA Stmt of Basis at 42.
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available. For example, in discussing possible control technologies for PM emissions from 

diesel fired boilers EPA notes that “[a]lthough not found in the previous determinations listed in 

the RBLC and CA-BACT, PM control technologies such as an electrostatic precipitator (ESP) or 

a fabric filter could theoretically be designed for the small boilers on Discoverer.”
101 

Shell‟s use 

of only two databases to search for control technologies is also insufficient. 

EPA must look beyond the RACT/BACT/LAER Clearinghouse (RBLC) to determine BACT for 

Shell's sources. The RBLC includes "case-specific information on the 'Best Available' air 

pollution technologies that have been required to reduce the emission of air pollutants from 

stationary sources (e.g., power plants, steel mills, chemical plants, etc.)."
102 

As the RBLC 

includes technologies from past BACT determinations, it is unlikely to have control technologies 

that are applicable to Shell's sources because this is the first major source permit for an OCS 

source. The lack of readily applicable control technologies in the RBLC does not excuse EPA 

from exploring alternative sources of control technologies. The EAB has emphasized that a 

proper BACT analysis should consider technologies outside the U.S. and "existing controls 

applied to similar sources other than the category in question."
103 

In this permit, EPA must look 

outside the RBLC database to find available control technologies because BACT is meant to 

"promote use of the best control technologies as widely as possible."
104 

1. Additional control technologies that should have been considered. 

Given the nature of Shell‟s operations, additional control technologies should have been 

considered in step-one of the BACT analysis. We ask that EPA consider the following controls 

and explain why they are (or are not) applicable to Shell‟s operations.  

Repowering. For the Generator Diesel IC Engines and the smaller Diesel IC Engines, 

EPA states that Tier 2 or 3 level controls are technologically infeasible because those controls 

are intrinsic to the original engine.
105 

In eliminating Tier 2 or 3 controls, EPA fails to provide 

any factual support that it is technologically infeasible to repower the Discoverer with new Tier 2 

or 3 engines. 

Repowering ships with new engines is a technologically feasible control option. In a 2007 air 

emissions report, the Port of Los Angles found that 27% of all main engines and 42% of all 

auxiliary engines were replacements of older engines in harbor craft operating in the Port during 
106 107

2007. The Casco Bay Island Transit District repowered a ferry with Tier II engines. Thus,
 
replacement of both auxiliary and main engines is technically feasible on a variety of other 

marine vessels.  Because other marine vessels are a similar source category to the Discoverer and
 

101 
EPA Stmt of Basis at 55.  


102 
See http://cfpub.epa.gov/RBLC/htm/bl02.cfm (emphasis added) (Appendix III).  


103 
In re: Conophillips, Co., Slip Op. at 29. 


104 
In re: Knauf, 8 E.A.D. at 140.   


105 
EPA Stmt of Basis at 55 and 58.
 

106 
See Port of Los Angeles, Inventory of Air Emissions 2007, Technical Report: December 


2008. at 95-96 (Appendix III).
 
107 

See www.maine.gov/dep/blwq/topic/vessel/airemissionsreport.pdf (Appendix III).  
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auxiliary vessels, EPA must determine whether repowering engines is also technologically 

feasible on the Discoverer and auxiliary vessels. 

EPA cannot assume that Tier 2 or 3 controls are not technically feasible because they are cost 

prohibitive. By upgrading to newer engines, Shell may save money through fuel efficiency and 

future emission control requirements. When the Catalina Express successfully repowered four 

main engines and generators to reduce NOx and PM emissions, the operator received a fuel 

savings of almost $400,000 per year.
108 

The Catalina is a similar source because it has four 

engines that are comparable to the Discoverer's engines: Caterpillar 3512B engines that are rated 

at 1950 hp.
109 

The Catalina was successful in replacing engines and generators, showing that 

replacement of similarly-sized engines and generators on the Discoverer is technologically 

feasible. 

Re-Tooling. If Shell is unwilling to consider re-powering its engines, then re-tooling is 

also an available option that was not adequately discussed in the BACT analysis. For example, 

Clean Clam Technology Systems provides kits for re-tooling conventional diesel engines.
110 

The 

Navy used such kits in conjunction with DFPs and low sulfur fuel to reduce its emissions on “a 

U.S. Navy work boat/barge.”
111 

SCR Controls. Shell proposes using SCR controls for the generator engines on the 
112 113

Discoverer, but rejects this same control for the compressor‟s diesel engines. The primary 

reason SCR controls are rejected as BACT is space limitations on board the Discoverer.  

However, neither Shell nor EPA discuss potential ways in which additional space can be made 

on board the Discoverer for control technologies or whether there are ways to funnel the 

emissions from several engines through one SCR system to save on space. We ask that EPA 

provide explanations on both of these fronts.  

Hydrocarbon SCR or Lean De-NOx Catalysts. Shell and EPA should consider use of 

hydrocarbon SCR or Lean De-NOx Catalysts to control NOx emissions. British companies 

including the Association for Emissions Control by Catalyst and Johnson Matthey Catalysts 

manufacture such systems and the advantage is that because the system is based around 

hydrocarbons (instead of urea) the hydrocarbons can be introduced from the exhaust itself.
114 

NOx Absorbers/NOx Traps. Another available technology is the NOx absorber or trap 

which in conjunction with low sulfur fuel absorbs and stores NOx.
115 

108 
See http://www.dgtww-digital.com/dgtww/200812/?pg=16 (Appendix III).
 

109 
http://www.catalinaexpress.com/catalinaJet.php (Appendix III).
 

110 
See http://www.cctskit.com/tech.html (Appendix III).
 

111 
MECA, Locomotive and marine case studies (Appendix III).   


112 
See EPA Stmt of Basis at 47. 


113 
Id. at 48.  


114 
See http://www.aecc.eu/en/Technology/Catalysts.html#Hydrocarbon_SCR; http://ect.jm
 

catalysts.com/site.asp?siteid=833&pageid=866 (Appendix III).  

115 

See http://www.aecc.eu/en/ Technology/Adsorbers.html (Appendix III). 
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Diesel Particulate Filters. For those engines that are not Tier 3 and that are not 

receiving either OxyCat controls or CDPF technology, we recommend that Shell apply some 

form of diesel particulate filter. Johnson Matthey Catalysts has developed a line of such filters 

that offer “flexibility to the user.”
116 

The California Environmental Protection Agency's Air 

Resources Board has a list of currently verified technologies that include several examples of 

DPFs that are able to achieve an 85% emission reduction in PM levels.
117 

C.	 The Other Steps in The BACT Analysis for Shell’s Operations are also 

Inadequate. 

In the Statement of Basis, EPA makes conclusory statements that certain technologies are 

technologically infeasible without providing adequate support. For example, EPA determined 

that CDPF is not "technically feasible" for application to the Generator and Smaller Diesel 

Engines because it is not "commercially available."
118 

The only support that EPA provides is a 

single opinion: "DEC Marine stated that they are not aware of any applications of CDPF systems 

on older heavy marine engines."
119 

That one company is unaware of a particular technology 

hardly supports a bold statement that a control technology is commercially unavailable. EPA 

must look beyond this single opinion and provide addition support for its conclusion that CDPF 

is technically infeasible. 

Other problems with Shell's BACT analysis include: 

	 EPA did not provide factual support for its decision not to set a BACT emission 

standard for the crankcase ventilation on the Generator Diesel IC Engines because 

"quantifying PM emissions from crankcase ventilation is difficult and makes the 

imposition of an emission standard for the crankcase ventilation infeasible."
120 

Difficulty does not equate to infeasibility. 

	 EPA failed to adequately explain why the imposition of CDPF or an OxyCat 

system to the Compressor Diesel IC Engines is cost-ineffective. EPA mentions 

that the cost effectiveness of installing a CDPF would exceed $100,000 per ton of 

PM removed and references a cost effectiveness estimation calculation in 

Appendix C of Shell's permit application.
121 

But the cost effectiveness table does 

not provide a meaningful explanation for why $100,000 per ton of PM is cost-

ineffective. If the high cost of CDPF is associated with an up-front installation 

cost, EPA should consider the multiple trips that Shell has planned for the 

Discoverer under this permit, let alone the multiple trips it is likely to take on 

other oil exploration trips, including the concurrently proposed Beaufort 

exploration plan. Moreover, after suggesting that OxyCat "could be possible," 

116 
See http://ect.jmcatalysts.com/site.asp?siteid=833 &pageid=868 (Appendix III). 

117 
See http://www.arb.ca.gov/diesel/verdev/vt/cvt.htm (Appendix III).  

118 
See EPA Stmt of Basis at 56 and 59. 

119 
Id. 

120 
See Id. at 57.  

121 
See Id. 
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EPA completely failed to mention why OxyCat is cost-ineffective or otherwise 

infeasible before eliminating it as a potential control technology.
122 

	 EPA failed to explain how it concluded that designing an ESP or a fabric filter for 

small boilers is technically infeasible.
123 

EPA states that this technology "may be 

theoretically possible" but simply says that the control technologies are not found 

in practice.  

D.	 The Proposed Best Available Control Technology (BACT) Emission Limits 

Fail to Reflect the Maximum Level of Control that Can be Achieved. 

1.	 Critique of the NOx BACT analysis for MLC compressor engines. 

EPA is proposing that BACT for the diesel mud line cellar (MLC) compressor engines is the 

EPA Tier 3 emission standard of 4.0 g/kWh NOx + NMHC.
124 

EPA has accepted the same 

BACT limit that Shell proposed in its application.
125 

EPA eliminated all other control options as 

technically infeasible. According to the discussion in EPA‟s draft permit, the MLC compressor 

engines are new and will already incorporate exhaust gas recirculation (EGR) and intake air 

cooling (AC) technologies in order to meet EPA Tier 3 emissions standards.  


EPA further claims that injection timing retard (ITR), a high injection pressure (HIP) fuel system
 
and low NOx design (LND) technologies are therefore incompatible with these engines. EPA
 
also ruled out water injection (WI) as a feasible control option due to various technical
 
constraints. However, the use of selective catalytic reduction (SCR) as an add-on control for
 
these MLC compressor engines was dismissed due to a need for portability for these engines and
 
due to space limitations.

126 
We do not agree that these limitations preclude the use of SCR for
 

the MLC compressor engines. In fact, SCR has been required as BACT in portable applications 

and is commercially demonstrated as an add-on control technology for nonroad engines.
 

Specifically, Chevron Products Company was recently issued a PSD permit for a portable crude
 
generator requiring the use of selective catalytic reduction of NOx emissions to meet a 1.3 pound 

per hour emission limit.

127 
This engine is permitted as a large engine (> 500 hp), similar in size
 

category to the MLC compressor engines (which are 540 hp each). Shell's application materials
 
included Chevron's BACT determination so both EPA and Shell were aware that this technology
 
was feasible on a similar source.

128 
More generally, however, the commercially demonstrated
 

application of SCR technology to non-road engines supports the use of this technology for
 

122 
See EPA Stmt of Basis at 57-58.  


123 
See Id. at 59.  


124 
See Id. at 49; Region 10 EPA, draft OCS PSD Permit for Shell Chukchi Sea Operations at 


Condition F.1.1.
 
125 

See, Shell Revised OCS App. at 38.
 
126 

See EPA Stmt of Basis at 48.
 
127 

EPA‟s RACT/BACT/LAER Clearinghouse, MS-0086, Chevron Products Company, 

Pascagoula Refinery, Permit No. 1280-00058, May 8, 2007.
 
128 

See Shell Revised OCS App., Appendix C at 4.
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portable applications and, therefore, EPA must consider it as a technically feasible option in the 

BACT analysis for the MLC compressor engines. 

The Manufacturers of Emission Controls Association (MECA), a non-profit association that 

provides technical information on emission control technology and has a goal of “facilitating the 

establishment of strong and effective state, federal, and international air quality programs that 

promote public health, environmental quality, and industrial progress,” stated that: 

Hundreds of SCR retrofit systems have been installed in the U.S. and Europe on large 

highway trucks since 1995. Operating experience exceeding 350,000 miles has been 

generated on some vehicles. SCR-equipped trucks using a urea-based reductant are now 

commercially available in Europe where tens of thousands of units are operating on the 

roads to comply with Euro 4 and Euro 5 heavy-duty engine emission regulations. SCR is 

expected to be introduced on diesel passenger cars and heavy-duty trucks operating in the 

U.S. over the next three years [from 2006-2009] to comply with EPA‟s Tier 2 light-duty 

regulations and EPA‟s 2010 heavy-duty highway diesel emission regulations. These 

mobile source SCR systems can be designed to give significant reductions in NOx (75

90%), as well as reductions in HC (80%) and PM (20-30 %) emissions.
129 

Furthermore, in MECA‟s written testimony on EPA‟s proposed standards of performance for 

stationary compression ignition internal combustion engines, it stated: 

[s]ince the mid-1990s, SCR technology using a urea-based reductant has been installed 

on a variety of marine applications in Europe including ferries, cargo vessels, and 

tugboats with over 100 systems installed on engines ranging from 450 to 10,200 kilowatts 

(kW). These marine SCR applications include the design and integration of systems on a 

vessel‟s main propulsion engines and auxiliary engines.
130 

EPA‟s Diesel Retrofit Technology Verification program confirms that SCR is a proven 

technology for stationary engine applications and is commercially demonstrated for mobile 

applications.
131 

Several manufacturers have demonstrated commercial SCR retrofit applications 

for mobile EGR-equipped heavy-duty diesel engines (where the original engine was equipped 

with or without catalysts) achieving NOx reductions of 65%.
132 

And, in addition, the California 

129 
MECA “Case Studies of the Use of Exhaust Emissions Controls on Locomotives and Large 

Marine Diesel Engines”, October 2006. Available at http://www.meca.org/galleries/default

file/MECA%20locomotive%20and%20marine%20case%20study%20report%201006.pdf 

(Appendix III). 

130 

Written Statement of the Manufacturers Emission Controls Association on the U.S. 

Environmental Protection Agency‟s Proposed Standards of Performance for Stationary 

Compression Ignition Internal Combustion Engines Docket  ID Number OAR-2005-0029, 

September 8, 2005, p. 5 (Appendix III).
 
131 

See EPA Diesel Retrofit Technology Verification, Technical Summary, (available at:
 
http://www.epa.gov/otaq/retrofit/tech-summary.htm ) (Appendix III). 

132 

See, e.g., EPA‟s Emerging Technology (Available at:
	
http://www.epa.gov/otaq/diesel/prgemerglist.htm) (Appendix III). 
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Air Resource Board (CARB) has verified a specific non-road engine retrofit technology to 

reduce NOx emissions by 80% with the use of SCR on certain non-road engine types.
133 

In fact, 

several companies claim to have available retrofit SCR systems for a wide range of diesel engine 

types and applications. As an example, Haldor Topsoe markets a retrofit SCR system for “all 

types of diesel engine applications” that has been demonstrated in “off-road heavy machinery, 

on-road trucks, urban buses, trains, and marine applications.”
134 

Recent research also supports the technical feasibility of SCR to smaller, portable compression 

ignition engines. Results of a recent test application of a urea SCR retrofit system to a 350 

horsepower (hp) engine certified at 4 grams per brake horsepower hour (g/bhp-hr) NOx achieved 

41-67% NOx reduction on a nonroad transient operating cycle.
135 

Performance testing of an SCR 

diesel retrofit system for stationary and mobile engines that included a catalyzed diesel 

particulate filter (CDPF) and a diesel oxidation catalyst (DOC) for PM control resulted in 70% 

reduction of NOx emissions based on a series of dynamometer tests on a Ford F550 dump 

truck.
136 

An integrated catalytic control system for NOx and PM reduction in heavy-duty truck 

applications has demonstrated over 95% reduction in NOx emissions with the SCR unit 

downstream if the engine and upstream of the PM controls.
137 

Additionally, EPA and Shell have not sufficiently explored other potential control options for the 

MLC compressor engines. For example, NOx adsorbers have recently become available in the 

United States (2007).
138 

According to MECA, “[t]he progress in developing and optimizing 

[NOx adsorber] technology has been extremely impressive. Indeed, the Clean Diesel 

Independent Review Panel, charged by EPA to assess the technological progress in meeting the 

2007/2010 standards, concluded in the latter part of 2002 that NOx adsorber technology 

133 
Extengine Transport Systems, Advanced Diesel Emission Control System (ADEC) – Diesel 

oxidation catalyst (DOC) + Selective Catalytic Reduction (SCR), California Air Resources 

Board (CARB) Verified Nonroad Engine Retrofit Technologies (available at: 

http://www.epa.gov/otaq/retrofit/nonroad-list.htm) (Appendix III). 
134 

Company website: http://www.topsoe.com/Business_areas/Automotive/Retrofit.aspx 

(Appendix III). 
135 

Johnson, D R; Bedick, C R; Clark, N N; McKain, D L, “Design and testing of an 

independently controlled urea SCR retrofit system for the reduction of NOx emissions from 

marine diesels”, Environmental Science & Technology, 2009-May; vol 43 (issue 10): pp 3959

63 (abstract available online at: http://pubs.acs.org/doi/abs/10.1021/es900269p) (Appendix III). 
136 

Servati H B, Petreanu S,Marshall S E,Su H, Marshall R, Wu C-H, Hughes K, Simons L, 

Berrimann L,  Zabsky J, Gomulka T, Rinaldi F, Tynan M, Salem J, Joyner J, “A NOx Reduction 

Solution for Retrofit Applications: A Simple Urea SCR Technology”, SAE, Document Number: 

2005-01-1857, April 2005 (abstract available at: http://www.sae.org/technical/papers/2005-01

1857) (Appendix III). 
137 

Gekas I P, “NOx Reduction Potential of V-SCR Catalyst in SCR/DOC/DPF Configuration 

Targeting Euro VI Limits from High Engine NOx Levels”, Society of Automotive Engineers 

(SAE), Document Number: 2009-01-0626, April 2009 (Abstract available online at 

http://www.sae.org/technical/papers/2009-01-0626) (Appendix III). 

138 

See EPA‟s Diesel Retrofit Technology Verification (Technical Summary, at 

http://www.epa.gov/otaq/retrofit/tech-summary.htm) (Appendix III). 
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development was on track to help meet the on-road heavy-duty engine standards and no 

technological roadblocks were identified.”
139 

At least one manufacturer has introduced a diesel-

powered passenger car in Europe and a diesel-powered light-duty truck in Japan with a combined 
140 TM

NOx adsorber/Diesel Particle Filter system, as of 2003. The EMx (SCONOx®) system, a 

NOx adsorber system developed by Goal Line Technologies (now Emerachem), is marketed for, 

among other things, mobile heavy-duty diesel applications with NOx reductions greater than 

90%.
141 

Neither the PSD permit application nor EPA‟s proposed permit provide sufficient discussion or 

analysis of whether the proposed BACT emission limit reflects the maximum degree of 

reduction of NOx emissions that can be achieved from the MLC compressor engines. Instead, 

Shell has proposed an emission limit equal to the Tier 3 engine standards and equal to the New 

Source Performance Standards (NSPS) for stationary compression ignition internal combustion 

engines, and claims that this limit reflects BACT but does not thoroughly consider the use of 

add-on controls to reduce this limit even further. While this Tier 3 emission limit represents the 

most stringent of the new emissions standards for non-road diesel engines,
142 

it does not 

necessarily reflect the maximum degree of reduction in NOx emissions that can be achieved as 

required by the definition of BACT at 40 CFR § 52.21(b)(12). 

The fact that the MLC compressor engines meet NSPS for stationary compression ignition 

internal combustion engines does not mean that this level of control constitutes the best available 

control for these units.  EPA has made clear in its policy guidance for BACT determinations that, 

since an NSPS must always be met, it constitutes a legal “floor” for the BACT, which cannot be 

less stringent.
143 

According to EPA, NSPS represents what every source can achieve, not the 

best an individual source can achieve. In fact, EPA states, “in only a few BACT cases should 

you encounter the same criteria that limited the stringency of the NSPS” indicating that BACT, 

except in rare occasions, is going to be more stringent than the NSPS.
144 

The Clean Air Act 

defines BACT as "based on the maximum degree of reduction . . . on a case-by-case basis."
145 

EPA policy states “BACT represents the best level of control the source can provide and should 

139 
Written Statement of the Manufacturers Emission Controls Association on the U.S. 

Environmental Protection Agency‟s Proposed Standards of Performance for Stationary 

Compression Ignition Internal Combustion Engines Docket  ID Number OAR-2005-0029, 

September 8, 2005, p. 6 (Appendix III). 
140 

Id. 
141 

http://www.emerachem.com/application/heavy_duty/ (Appendix III). 

142 

NSPS IIII, 40 C.F.R. part 60, Subpart IIII applies to the MLC compressor engines.
 
143 

In re: Columbia Gulf Transmission Co., PSD Appeal No. 88-11, 2 E.A.D. 824 (June 21, 

1989) (“the applicable NSPS limitation merely serves as a floor for the BACT limitation, i.e., the
 
BACT limitation must never fall below the level of stringency set by the NSPS.”); see also 42 

U.S.C. § 7479(3). 

144 

Letter from Gary McCutchen, EPA to Richard Grusnick, Alabama Department of 

Environmental Management (July 28, 1987) (Appendix III).
 
145 

CAA section 169(3), 42 U.S.C. § 7479.
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not be based on a category-wide minimal standard like an applicable NSPS.”
146 

In addition to the NSPS for stationary compression ignition internal combustion engines, 

individual states as well as the Northeast Ozone Transport Commission (OTC) and Regulatory 

Assistance Project (RAP) have developed standards for stationary engines that apply to broad 

populations of new and in-use engines. These limits are more stringent than the NSPS and EPA 

must consider these emission rates as minimum requirements, as well, for the Shell engines. The 

OTC model rule applies to new and in-use non-emergency natural gas and diesel fueled engines 

greater than 200 hp with a diesel NOx standard of 6.8 pounds per megawatt hour (lb/MWh), or 3 

grams per kilowatt hour (g/kWh).
147 

The RAP model rule applies to new engines greater than 

200 hp with a NOx standard of 1.5 lb/MWh, or 0.7 g/kWh, for engines manufactured after 

January 1, 2008. 
148 

In addition, the state of Texas requires new stationary diesel engines (after 

2005) located in attainment areas to meet a NOx standard of 3.11 lb/MWh, or 1.4 g/kWh.
149 

EPA‟s Tier 4 nonroad diesel engine standards will be implemented for engines in the 175-750 hp 

size range beginning in 2011. Nonroad engines of this size must meet a NOx emission standard 

of 0.3 g/bph-hr, or 0.4 g/kWh.
150 

All of these limits demonstrate achievable levels of control for 

these and similar types of engines and, therefore, must be considered in EPA‟s BACT analysis. 

Thus, for all of the above reasons, EPA has not adequately evaluated BACT for NOx for the 

MLC compressor engines. EPA has not demonstrated that the proposed emission limit reflects 

the maximum degree of NOx reduction that can be achieved and has failed to evaluate all 

technically feasible control options. Consequently, EPA must determine through a true and 

thorough top-down analysis the level of control that reflects the maximum degree of NOx 

reduction that can be achieved from the MLC compressor engines and impose a NOx emission 

limit that reflects that maximum degree of NOx control. 

2.	 Critique of the NOx BACT analysis for smaller compression ignition 

internal combustion engines. 

EPA is proposing that BACT for the smaller compression ignition engines on the Discoverer is 
151	 152

“good combustion practices.” This is the same limit as proposed by Shell in its application.

This BACT determination applies to the two hydraulic power unit (HPU) engines, two cranes,
 
three cementing units and two logging winches, which collectively represent over 50 percent of
 

146 
Letter from Gary McCutchen, EPA to Richard Grusnick, Alabama Department of 


Environmental Management (July 28, 1987).
 
147 

Stationary Diesel Engines in the Northeast: An Initial Assessment of the Regional Population, 

Control Technology Options and Air Quality Policy Issues, NESCAUM (June 2003) (Appendix
 
III). 

148 

Id. 
149

http://files.harc.edu/Sites/GulfCoastCHP/Regulations/TexasPermitElectricGeneratingUnits.pd
 
f (Appendix III). 

150 

http://www.epa.gov/nonroad-diesel/2004fr/420f04032.htm#standards (Appendix III). 

151 

See EPA Stmt of Basis at 50; EPA draft OCS PSD Permit for Shell Chukchi Sea Operations, 

at Conditions G.3, H.3 and I.3.
 
152 

See Shell Revised OCS App. at 37.
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annual NOx emissions (and over 75% of hourly NOx emissions) from the Discoverer.  

EPA eliminated all other control options, except the use of injection timing retard (ITR) and 

intake air cooling (AC), as technically infeasible. According to the discussion in EPA‟s draft 

permit, use of ITR and AC technology will adversely impact the performance of the catalytic 

diesel particulate filter (CDPF) needed for PM control. As with the MLC compressor engines, 

EPA dismissed the use of selective catalytic reduction (SCR) as an add-on control for these 

smaller engines due to a need for portability for these engines and due to space limitations. Part 

of EPA‟s justification for not including SCR in its BACT analysis is because "there are no 

determinations for installing SCR on diesel engines under 500 hp in the EPA RBLC or CA

BACT.”
153 

It is not sufficient to simply compare the proposed BACT determination to the BACT 

determinations of other permitted sources, especially here where Shell is proposing non

traditional operations that are not readily compared to traditional sources.  

The NOx BACT analysis should also be based on a review of the maximum degree of emission 

reductions that can be achieved for the engines. Again, we do not agree that the size, portability 

and space limitations necessarily preclude the use of SCR, or other technologies, such as NOx 

adsorbers, for these engines. EPA must more thoroughly investigate these options in 

determining the BACT limits for these engines. 

As previously discussed for the MLC compressor engines, commercially demonstrated 

applications of SCR technology to non-road engines supports the use of this technology for 

smaller, portable applications and, therefore, EPA must consider it as a technically feasible 

option in the BACT analysis for the smaller compression ignition internal combustion engines on 

the Discoverer. In addition to the examples provided for the MLC compressor engines, EPA‟s 

Diesel Retrofit Technology Verification program lists several examples of SCR retrofit 

technologies applicable to smaller mobile engine applications. Johnson Matthey and Nett 

Technologies, Inc. offer multiple SCR technologies covering a wide range of engine sizes (as 

small as 250 hp), a wide range of ages and applicable to both EGR and non-EGR engine 

technologies.
154 

And again, the published test results from the application of a urea SCR retrofit 

system to a 350 hp engine certified at 4 g/bhp-hr NOx showing 41-67% NOx reduction during a 

non-road transient operating cycle demonstrates the technical feasibility of SCR retrofit 

technology to smaller engines.
155 

The various engines covered by this general BACT determination have permitted emission rates, 

which are defined as BACT limits, as follows: 

153 
See EPA Stmt of Basis at 49.
 

154 
See, e.g., EPA‟s Emerging Technology List (available at:
 

http://www.epa.gov/otaq/diesel/prgemerglist.htm) (Appendix III). 

155 

Johnson, D R; Bedick, C R; Clark, N N; McKain, D L, “Design and testing of an 

independently controlled urea SCR retrofit system for the reduction of NOx emissions from 

marine diesels”, Environmental Science & Technology, 2009-May; vol 43 (issue 10): pp 3959

63 (Appendix III).
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Unit NOx BACT Limit Permit Condition 

in g/kWh 

HPU Engine FD-12 13.155 G.2.2.1 

HPU Engine FD-13 13.155 G.2.2.1 

Deck Crane FD-14 10.327 H.2.2.1 

Deck Crane DF-15 10.327 H.2.2.1 

Cementing Unit FD-16 13.155 I.2.2.1 

Cementing Unit FD-17 13.155 I.2.2.1 

Cementing Unit FD-18 15.717 I.2.2.1 

Logging Winch FD-19 15.717 I.2.2.1 

Logging Winch FD-20 7.5 I.2.2.1 

According to EPA and Shell, the hydraulic power units (HPU) will be used “very similarly” to 

the MLC compressor engines.
156 

The HPU engines are 250 hp Detroit Diesel 8V-71 engines and 

the BACT limit is based on engine dynamometer test data reported in EPA‟s 2002 Diesel Health 

Assessment. The cementing unit engines (FD-16, FD-17, FD-18) and logging winch engine FD

19 are also Detroit Diesel 8V-71 engines (or from the same “family” of engines) with BACT 

limits also based on EPA‟s 2002 Diesel Health Assessment data. 

The BACT limits for the FD-20 logging winch and the two deck cranes are based on 

manufacturer emission data and likely represent good combustion practices. These BACT limits 

are lower than for the other engines. EPA‟s proposed BACT limits for the Detroit Diesel 8V-71 

engines may not reflect the “good combustion practices” that it determined were the best 

available controls. At a very minimum, EPA should quantify the reductions in NOx emissions 

that can be expected from implementation of the good combustion practices defined as BACT 

instead of requiring the practices but enforcing an emission limit that is simply based on average 

engine operation for these 8V-71 engines. We support EPA‟s requirement to test theses engines 

(Conditions G.7, H.7 and I.7) to verify emission limits can be achieved; however, these data are 

needed prior to issuing a permit to set a BACT limit and determine BACT. In the event that the 

test data for these units demonstrate the ability to meet lower NOx limits, EPA must revise the 

BACT limits accordingly.  

EPA did not consider certain retrofit technologies that are available for some of these engines to 

greatly reduce NOx and other pollutant emissions. For example, Clean Cam Technology 

Systems makes a Cam Shaft Cylinder Reengineering Kit for Detroit Diesel 8V71 engines. These 

retrofits are commercially available and have been installed on hundreds of stationary and 

portable units.
157 

The manufacturer claims NOx emissions with the retrofit technology will be no 

more than 4.5 g/bhp-hr, which would correspond to a limit of 6 g/kWh, or less than half of the 

proposed BACT limit for these engines.
158 

EPA must consider these and any other available 

retrofit technologies that will reduce NOx emissions from these engines in its BACT analysis.  

156 
See EPA Stmt of Basis at 28.  

157 
CARB Diesel Risk Reduction Plan, Diesel PM Control Technologies, Appendix IX, October 

200, p. IX-59 (available at: http://www.arb.ca.gov/diesel/documents/rrpapp9.pdf) (Appendix 

III). 
158 

Note, 1 bhp-hr = 1.341 kWh so 4.5 g/bhp-hr * (1.341 bhp-hr/ 1 kWh) = 6 g/kWh 
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This type of technology could be applicable to the HPU engines as well as the cementing units 

and logging winches. 

The previously mentioned OTC model rule that applies to in-use non-emergency diesel fueled 

engines greater than 200 hp must also be considered in EPA‟s BACT review for these engines.  

The OTC NOx emission limit for existing diesel engines is 3 g/kWh, which would represent up 

to an 80% reduction in emissions from these engines.
159 

Thus, for these reasons, EPA has not adequately evaluated BACT for NOx for the small 

compression ignition engines. We request that EPA complete a much more rigorous review of 

BACT for these engines, as required by 40 C.F.R. § 52.21(b)(12). EPA has failed to show that 

the proposed emission limits reflect the maximum degree of NOx reduction that can be achieved 

from these engines (in fact, they appear to only reflect average operation of these engines) and 

has failed to evaluate all technically feasible control options. Consequently, EPA must 

determine through a true and thorough top-down analysis the level of control that reflects the 

maximum degree of NOx reduction that can be achieved from the small engines and impose a 

NOx emission limit that reflects that maximum degree of NOx control. 

3. Critique of the PM BACT analysis for diesel generator engines. 

EPA is proposing the use of oxidation catalysts (OxyCat) as BACT for the six generator diesel 
160 161

internal combustion engines. This is the same limit as proposed by Shell in its application.

EPA eliminated the use of catalytic diesel particulate filters (CDPF) as technically infeasible 

control options for these engines. According to EPA, “[s]ince CDPF systems are not 

commercially available in combination with SCR systems for diesel engines such as the 

Discoverer‟s generator diesel IC engines, EPA believes CDPF systems are technically infeasible 

for this specific application.”
162 

Further, EPA assumes that even if CDPF technology were 

technically feasible, it would not be a cost-effective control option.
163 

Regarding EPA‟s reference to cost-effectiveness for CDPF control for the six generator engines, 

EPA must provide a comparative assessment of the economic impacts of applying this 

technology in similar applications. Shell provided a cost estimate for the use of CDPF control 

for the six generator engines of roughly $22,000 per year per ton of PM removed for all six 
164 165

engines. In its application, Shell simply states “[t]his is not cost effective.” If EPA is going 

to eliminate the use of CDPF technology as an effective control option based on cost-

effectiveness then it must present a detailed argument as to why $22,000 per ton of PM removed 

159 
The highest BACT limit for these engines is for the cementing units at 15.717 g/kWh. (15.717 

– 3) g/kWh / 15.717 g/kWh = 80.1% reduction. 

160 

See EPA Stmt of Basis at 57; EPA draft OCS PSD Permit for Shell Chukchi Operations at 

Condition C.2.
 
161 

See Shell Revised OCS App. at 47.
 
162 

EPA Stmt of Basis at 56.
 
163 

See EPA Stmt of Basis at 56, fn8.
 
164 

See Shell Revised OCS App. at Appendix C.  

165 

See Shell Revised OCS App. at 47.  
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per year is not considered cost effective for these units. This argument must include an analysis 

of employing these technologies for Shell‟s proposed operations in the Beaufort Sea as well. 

EPA must compare the associated per ton costs with similar applications of CDPF.  

According to EPA guidance, the applicant must demonstrate that costs of pollutant removal are 

“disproportionately high when compared to the cost of control for that particular pollutant and 

source in recent BACT determinations.”
166 

EPA and Shell have provided no such comparison 

analysis to support its claim that $22,000 is not cost effective. In fact, it does not appear that 

$22,000 per ton of PM removal per year is necessarily cost prohibitive. EPA estimates that the 

cost of several diesel retrofit programs: (1) the Urban Bus Retrofit and Rebuild program 

($31,500/ton of PM reduced); (2) the 2007 Heavy-Duty diesel emission standards ($14,200/ton); 

and (3) the Non-road Tier 4 emission standards ($11,200/ton) indicate that “retrofits can be a 

cost effective way to reduce air pollution.”
167 

Regarding EPA‟s determination that CDPF technology is technically infeasible, it is not 

sufficient to simply provide one manufacturer‟s statement that it is unaware of CDPF 

applications for these engine types. In addition to comparing the proposed BACT determination 

to the BACT determinations of other permitted sources, the BACT analysis should also be based 

on a review of the maximum degree of emission reductions that can be achieved for the engines
 
based on a rigorous investigation of all available control options. EPA and Shell must more
 
thoroughly investigate the use of CDPF in application where SCR is also used to control NOx in
 
determining the BACT limits for these engines.
 

Several manufacturers have demonstrated commercial CDPF retrofit applications in conjunction 

with SCR to control NOx emissions demonstrating that many of the technical considerations that 

Shell raises (e.g., backpressure on the engines, cross-sectional area for the catalyst matrix, filter
 
element exchange frequency, etc.) can be overcome. These applications were for a wide range of
 
engine sizes and a wide range of ages.

168 
And, as previously mentioned in the context of SCR
 

applicability, there is recent research to support the effectiveness of integrated catalytic control 

systems for NOx and PM reduction in both stationary and mobile applications for small and large
 
engines.

169 
However, even if these particular technologies are not directly applicable to the older
 

166 
Draft NSR Workshop Manual, at B.32 (October 1990).
 

167 
EPA 420-S-06-002, Diesel Retrofit Technology: An Analysis of the Cost-Effectiveness of 


Reducing Particulate Matter Emissions from Heavy-Duty Diesel Engines Through Retrofits, 

March 2006, p. ii (Appendix III).
 
168 

See, e.g., EPA‟s Emerging Technology list available at: http://www.epa.gov/otaq/ 

diesel/prgemerglist.htm (Appendix III). 

169 

Gekas I P, “NOx Reduction Potential of V-SCR Catalyst in SCR /DOC/DPF Configuration 

Targeting Euro VI Limits from High Engine NOx Levels”, Society of Automotive Engineers 

(SAE), Document Number: 2009-01-0626, April 2009 (Abstract available online at 

http://www.sae.org/technical/papers/2009-01-0626) (Appendix III); Servati H B, Petreanu 

S,Marshall S E,Su H, Marshall R, Wu C-H, Hughes K, Simons L, Berrimann L,  Zabsky J, 

Gomulka T, Rinaldi F, Tynan M, Salem J, Joyner J, “A NOx Reduction Solution for Retrofit
 
Applications: A Simple Urea SCR Technology”, SAE, Document Number: 2005-01-1857, April
 
2005 (Abstract available online at http://www.sae.org/technical/papers/2005-01-1857) 
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generator engines proposed for use by Shell, it is still possible that the use of CDPFs is 

potentially feasible for these engines. Nothing in the permitting materials indicates with 

certainty that this particular technology is technically infeasible. Without such firm evidence 

EPA must insist that Shell perform the needed investigations to make a more solid 

determination. 

4. Critique of the PM BACT analysis for the incinerator. 

EPA is proposing "Good Combustion Practices” as BACT for the incinerator.
170 

This is the 

same BACT as proposed by Shell in its application.
171 

EPA eliminated the use of add-on 

controls for the incinerator as technically infeasible. The Discoverer incinerator (TeamTec 

GS500C) is a small waste incinerator rated at 276 lb/hr, with a daily rating of 6624 lbs/day. 

Shell plans to incinerate domestic and other non-hazardous solid waste (trash) and liquid sewage 

sludge.
172 

Shell describes this incinerator as a two-stage, batch-charged unit. The TeamTec 

GS500C unit is a small unit (approximately 8‟x 6‟x 7‟ in dimension) with an option for 

simultaneous combustion of sewage sludge and solid waste.
173 

Shell requested Owner Requested Restriction (ORR) limits for PM10 (8.2 lbs/ton) and PM2.5 (7 

lb/ton), which is a small fraction of the total AP-42, Table 2.2-1 PMtotal emission factor for an 

uncontrolled multiple hearth sewage sludge incinerator (100 lb/ton). It is not clear how fine 

particulate matter will be controlled to this level without the use of additional controls. 

Shell has also requested an ORR of 1,525 lb/day (23% incinerator capacity) in addition to the 

ORR limits for PM10 and PM2.5.
174 

Even at these ORRs the incinerator PM2.5 emissions account 

for 32% of the 24-hour PM2.5 emissions and contribute to over 50% of the 24-hour PM2.5 (and 

PM10) concentrations at maximum impact locations.
175 

Both Shell and EPA conclude that no additional control is BACT, but do not explain how these 

ORR emission factors will be achieved absent addition control. Vendor data and source test data 

is absent to confirm these ORRs can be achieved. We support the EPA‟s requirement to test the 

incinerator (FD-23) to verify whether emission limits can be achieved (Condition K.7); however, 

these data are needed prior to issuing a permit to set a BACT limit and determine BACT.  

The permit does not include an alternative procedure if the test fails to achieve the ORRs. One 

option would be to further reduce the incinerator throughput, but it is not clear whether further 

reduction below a 23% operating capacity can support the vessel‟s waste generation. Another 

(Appendix III). 

170 

EPA Stmt of Basis at 61; EPA draft OCS PSD Permit Shell for Chukchi Operations at 

Condition K.2.
 
171 

Shell Revised OCS App. at 48.
 
172 

Shell Revised OCS App. at 4. 

173 

TeamTec Marine Product Brochure (Appendix III).
 
174 

Shell requested an even lower limit on the incinerator in its September 17, 2009 comments. 

This even lower limit of 1,300 lb/day represents less than 20% incinerator capacity.
 
175 

Shell Revised OCS App. at Table 7-4 (2/23/09).
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option would be to develop alternative waste handling strategies to reduce waste capacity 

including collection and backhaul, if needed, rather than on-site incineration. These alternative 

requirements should be clearly specified in the permit. 

We request that EPA require Shell test this incinerator to verify what emission rate can be 

achieved, or provide vendor data to verify that the PM10 (8.2 lbs/ton) and PM2.5 (7 lb/ton) ORRs 

can be met without any additional emission control. Additional control may be required to 

achieve these emission levels.  Or alternative waste handling strategies may need to be adopted. 

In the event that the test data for the unit demonstrate the ability to meet lower PM10 and PM2.5 

limits, EPA must revise the BACT limits accordingly. In fact, Shell‟s own findings in the 

RACT/BACT/LAER clearinghouse demonstrate that lower limits can be achieved on similar-

sized units using “Proper Operation and Maintenance” practices. Specifically, similar waste 

combusting units permitted at the Kenai Refinery in Alaska with 350 lb/hr maximum throughput 
176,177

ratings have a BACT limit for PM10 of 0.2 lb/hr, or 1.1 lb/ton. EPA must consider and 

evaluate this limit as an applicable BACT limit for the incinerator on the Discoverer. EPA 

should require a standard operating procedure/waste separation plan to instruct employees on 

how to segregate waste to ensure that hazardous/toxic material is not inadvertently incinerated. 

4. Critique of the incinerator SO2 emissions. 

Shell references AP-42, Table 2.1-12 as its source for a SO2 emission factor yet it is not clear 

why Shell uses this “D” rated emission factor for a refuse combustor of 2.5 lbs/ton rather than 

the “B” rated emission factor of 28 lb/ton found in Table 2.2-1 for a multiple hearth sewage 

sludge incinerator (which is 11 times larger). If Shell has reduced this emission factor based on 

fuel type, this must be explained. 

5. Critique of the incinerator sewage combustion. 

We request that EPA clarify the amount and type of sewage that will be incinerated in 

Discoverer incinerator versus treated by the Marine Sanitation Device (MSD) and discharged 

overboard as described in Shell‟s NPDES NOI. In our comments on the NPDES permit, we 

have requested additional information on the type and treatment levels achieved by the Marine 

Sanitation Device (MSD). 

6. Critique of the PM BACT analysis for boilers. 

EPA is proposing ”Good Combustion Practices” as BACT for the two boilers onboard the 
178 179

Discoverer. This is the same BACT as proposed by Shell in its application. EPA 

eliminated the use of add-on controls for the boilers as technically infeasible. 

176 
RBLC, AK-0053, 3/21/2000 

177 
0.2 lbPM10/hr / 350 lbwaste/hr * 2000 lb/ton = 1.1 lbPM10/tonwaste 

178 
EPA Stmt of Basis at 60; EPA draft OCS PSD Permit for Shell Chukchi Operations at 

Condition J.2. 
179 

Shell Revised OCS App. at 48. 
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As with the incinerator, we support EPA‟s requirement to test the boilers (FD-21 and FD-22) to 

verify that BACT emission limits can be achieved (Condition J.5); however, these data are 

needed prior to issuing a permit to set a BACT limit and determine BACT. We request that 

EPA require Shell test both units to verify what emission rate can be achieved, or provide vendor 

data to verify that the PM10 (0.0235 lb/mmBTU) and PM2.5 (0.0235 lb/mmBTU) limits can be 

met without any additional emission control. 

In the event that the test data for the units demonstrate the ability to meet lower PM10 and PM2.5 

limits, EPA must revise the BACT limits accordingly. EPA must also explain why the proposed 

BACT limits exceed AP-42 emission factors for this source. Table 1.3-1 in Section 1.3 of EPA‟s 

AP-42 compilation of emission factors lists “A” rated emission factors for NOx and PM10 of 20 
3 3 180

pounds per thousand gallons (lb/10 gal) and 2 lb/10 gal, respectively. AP-42 emission factors 

represent an average of a range of emission rates. Therefore, units applying BACT would 

presumably be able to achieve much lower emission rates than what is presented as the average 

factor in AP-42. The proposed BACT limits for the two boilers, in comparison, are equivalent to 
3 3 181

26.6 lb/10 gal of NOx and 3.1 lb/10 gal of PM. EPA must explain why the boilers on the 

Discoverer will not have BACT limits at least as stringent as the average emission rates 

established in AP-42. 

7. Critique of the VOC BACT analysis for vented sources. 

EPA‟s Statement of Basis at Section 4.1 concludes that “…BACT must be determined for each 

emission unit on the Discoverer which emits NOx, PM, PM2.5, PM10, SO2, VOC and CO while 

the drillship is operating as an OCS source.” [emphasis added]. EPA‟s Statement of Basis at 

Section 4.5 examines VOC BACT for combustion sources, but does not examine vented sources 

of VOC (e.g. mud degassing). 

Mud degassing emissions can substantially contribute to VOC and greenhouse gas (GHG) 

emissions. Mud degassing systems are used to remove entrained formation gas from the mud to 

maintain higher mud density for well control. Drilling mud degassing units extract entrained gas 

from the mud at the surface and vent this gas directly into the atmosphere. 

180 
AP-42 emission factors are given a rating of “A” through “E” with “A” indicating a high level 

of confidence in the factor (“A” = Excellent. Factor is developed from A- and B-rated source test 

data taken from many randomly chosen facilities in the industry population. The source category 

population is sufficiently specific to minimize variability. Tests are performed by a sound 

methodology and are reported in enough detail for adequate validation). 
181 

Permit Conditions J.1.1 and J.1.3 list a NOx BACT limit of 0.2 lb/mmBTU and a PM10 

BACT limit of 0.0235 lb/mmBTU, respectively. Based on the diesel fuel heating value in Shell‟s 

engineering calculations (Appendix B of Shell‟s Application on 2/23/09) of 0.1331 mmBTU/gal: 

0.2 lb/mmBTU * 0.1331 mmBTU/gal * 1000 gal/10
3
gal = 26.6 lb/10

3
gal NOx 

0.0235 lb/mmBTU * 0.1331 mmBTU/gal * 1000 gal/10
3
gal = 3.1 lb/10

3
gal PM10 
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Recognizing that mud degassing is a significant emission source, in 2007, MMS hired a 

consulting firm to develop offshore drilling mud degassing emission factors, among other 

emission factors, to improve offshore oil and gas emission estimates.
182 

MMS‟s drilling mud 

degassing emission factors have been reviewed and accepted by both API
183 

and The Climate 

Registry.
184 

The standard total hydrocarbon (THC) emission factor for water-based mud from an 

offshore drilling mud system is 881.84 lb THC/drilling day. The standard methane (CH4) 

emission factor from an offshore drilling mud system is 0.2605 tonnes of CH4 per drilling day. 

We request that EPA require Shell to revise its mud degassing emission computations using 

standard emission factors developed by MMS. Shell‟s computations use a non-standard 

approach. Shell estimates only 136 lbs of VOC are vented during the entire drilling season.
185 

Shell‟s emission estimate severely underestimates the GHG emission impact
186 

and VOC 

emission contribution. 

Additionally, VOC BACT must be examined for vented gas from the mud tanks and degassing 

units. Flares or other hydrocarbon vapor control devices should be considered and the associated 

PM emissions from these devices should be accounted for in the permit analysis. The we also 

request that EPA require Shell to calculate HAP emissions based on the substantially higher, 

revised VOC emission estimate. 

E. A Proper BACT Analysis Must Include the Ancillary Vessels. 

In its permit application Shell states that 

One interpretation of applicable regulations is that the anchor handler vessels and 

resupply ship are part of the Discoverer “stationary source” when they are 

(however briefly) connected to the Discoverer. As part of the stationary source, 

one might conclude that BACT must be applied to the emission units on these 

vessels. Shell has not conducted a detailed BACT analysis for these vessels 

182 
Wilson, Darcy, Richard Billings, Regi Oommen, and Roger Chang, Eastern Research Group, 

Inc. Year 2005 Gulfwide Emission Inventory Study, U.S. Department of the Interior, Minerals 

Management Services, Gulf of Mexico OCS Region, New Orleans, December 2007, Section 

5.2.10 (available at: http://www.gomr.mms.gov/PI/PDFImages/ESPIS/4/4276.pdf) (Appendix
 
III).
 
183

American Petroleum Institute (API), Compendium of Greenhouse Gas Emission 

Methodologies for the Oil and Natural Gas Industry, August 2009 (Available at:
 
http://www.api.org/ehs/climate/new/upload/2009_GHG_COMPENDIUM.pdf). 

184 

The Climate Registry Oil and Gas Production Protocol, Draft for Public Comment, May 2009
 
(available at: http://www.theclimateregistry.org/downloads/2009/05/Oil-and-Gas-Production

Protocol.pdf). 

185 

EPA Stmt of Basis, at Section 3.4.12, Drilling Mud System (FD-32). 

186 

NOTE: Methane is of particular concern as a greenhouse gas since it is over 20 times more
 
effective at trapping heat in the atmosphere than carbon dioxide over the same 100-year period.
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because there is no way implementation of emission controls beyond good 

operating practices could be cost effective.
187 

In order to reach the conclusion that good operating practices are the best available for 

controlling emissions from these vessels, a BACT analysis is required. We ask that Shell and 

EPA utilize the top-down approach for applying BACT to the ancillary vessels.  

In doing so, the fact that equipment (including vessels) are leased by Shell cannot serve as 

adequate grounds for concluding that applying emissions controls would be economically 

infeasible. Both the CAA and EPA‟s regulations apply to “owners or operators,”
188 

as well as 

“any equipment, activity, or facility.”
189 

Thus, it is not enough that the equipment is not owned 

by Shell since Shell is the operator. At the very least, Shell and EPA must disclose the costs to 

Shell of owning such equipment versus the costs of leasing it, what the savings are, and in light 

of all those figures whether it is economical to apply control technologies.  

IV.	 Specific Comments on Permit Conditions, Compliance Demonstration, Monitoring 

and Reporting Measures. 

A.	 Source Testing. 

We support EPA‟s requirements to verify that emission limits can be met by stack testing each 

emission unit.
190 

Stack test data are critical to verify if permit limits can be met. The new stack 

testing requirements are a substantial improvement over the 2007 permit and we applaud EPA‟s 

more stringent emission verification approach. 

The proposed permit requires stack testing to be completed prior to each drilling season, but does 

not specify how far in advance the testing must be done, nor does the permit include a remedy 

for failed tests. Permit condition B.7.8 requires all stack test results to be provided to EPA 

within 45 days of testing. However, if stack testing only occurs a few days prior to the drilling 

season, there will not be adequate time to analyze and remedy any test results that exceed the 

permit limits before drilling starts. With a 168 operating day limit per drilling season, a quarter 

of the drilling season could pass before EPA even receives the test results. 

We request that EPA require all stack tests to be completed at least 180 days prior to each 

drilling season to ensure there is adequate time to analyze and remedy any test results that exceed 

permit limits. The permit must clearly state that any emission unit that fails to meet the 

permitted emission limit must not be operated until the unit is repaired or additional emission 

control is installed. Collecting test data, and merely reporting excess emissions if tests fail to 

187 
Shell Revised OCS App. at 29 (emphasis added). 


188 
42 U.S.C. § 7475 (emphasis added); 40 C.F.R. §§ 52.21(n), (o).  


189 
42 U.S.C. § 7627(4)(C); 40 C.F.R. § 55.2.
 

190 
See Conditions: C.6 (Generator Engines), F.5 (MLC Compressor Engines), G.7 (HPU 


Engines), H.7 (Deck Cranes), I.7 (Cement Unit and Logging Winch), J.5 (Boilers), K.7 

(Incinerator), L.4 (Supply Ship), N.9 (Icebreaker #1), O.11 (Icebreaker #2), and Q.6 (Oil Spill 

Response Fleet).  
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meet permit limits, is not an acceptable solution, especially in the cases where the annual NOx 

and 24-hour PM2.5 NAAQS compliance margins are very tight. A failed test, unresolved, could 

result in a NAAQS exceedance. 

EPA‟s proposed permit included several conditions where one unit is tested to represent the 

emission performance of other like units (e.g. Condition C.6 that requires two of the Discoverer 

generator engines to be tested in the first year to represent the emissions of all six engines). In 

these cases, the permit must clearly state that if the representative unit fails the stack test, all like 

emission units correspondingly are assumed to have failed. All like units must be repaired or 

additional emission controls must be installed to meet the limit. Alternatively, additional stack 

tests on the remaining units could be performed to verify individual unit compliance to isolate 

the problem unit(s). 

We request that EPA provide more information in its Statement of Basis to demonstrate how it 

confirmed stack testing of one unit will be representative of another similar unit. Information on 

the unit year, model type and historical use should be provided to demonstrate that the equipment 

is of like equipment specification and has a similar operating history. EPA must demonstrate 

that the units are representative, or it must require each unit to be tested individually before the 

first drilling season. 

EPA does not require source tests for the Discoverer's main propulsion engines. We question 

whether the main propulsion engines would actually be completely shutdown when the 

Discoverer is operating as an OCS source.
191 

If, under further examination, EPA determines the 

propulsion units will be operated, source testing should be required.  

Shell‟s September 17, 2009 comments to EPA on the proposed permit at p.9, request that EPA 

remove the stack test requirements for the: MLC Compressor Engines, HPU Engines, Cranes, 

Cementing and Logging Units, the Boilers and Utility Generators. Shell proposes that EPA rely 

on generic, average emission factors for these units, without any stack testing. We do not 

support Shell‟s request to eliminate these critical stack testing requirements and urges EPA to 

keep all testing requirements, as proposed.  

1. Load factors, testing and monitoring. 

Shell‟s application includes a number of assumed operating loads. Emissions are a function of 

load. EPA‟s proposed permit accepts these assumed loads and requires stack testing within the 

expected operating range (see, e.g., Conditions C.6.2, F.5.2, G.7.2, etc.). The permit, however, 

fails to sufficiently ensure that calculated emission rates used for compliance demonstration are 

based on the maximum emissions scenario for the range of loads tested. We request EPA revise 

the following permit conditions to be more explicit regarding this point. We request permit 

conditions C.6.5, F.5.5, G.7.5, H.7.5, I.7.5, J.5.5, K.7.5, N.9.8, N.9.9, N.9.10, O.11.8, O.11.9, 

O.11.10, Q.6.5 read: 

For each engine, each load factor and each pollutant, the permittee shall determine 

191 
See, supra at 12-15. 
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emission factors in the following units: g/kW-hr, g/kWe-hr, lbs/kW-hr, lbs/kWe-hr and 

lbs/gallon. 

Conditions C.7.8, F.6.5, G.8.7, H.8.7, I.8.7, J.6.5, K.8.5, N.10.9, O.12.9, Q.7.8 then require the 

use of the highest emission factor calculated in the corresponding sections (revised above) and 

will ensure all loads are considered when making this calculation of highest emissions. 

We request that EPA include a recordkeeping requirement to track the operating loads during the 

first drilling season to verify actual operating load ranges. The permit should also include 

requirements for additional stack testing if actual operating practices include operating loads 

outside the currently assumed ranges.  

2. Fuel monitoring. 

Shell‟s September 17, 2009 comments to EPA on the proposed permit at p.6, requests EPA 

remove the requirements for continuous individual fuel metering on most of the equipment as 

required by permit conditions: [F.6 (MLC Compressor Engines), G.8 (HPU Engines), H.8 (Deck 

Cranes), I.8 (Cement Unit and Logging Winch), J.6 (Boilers), N.10 (Icebreaker #1), O.12 

(Icebreaker #2), and Q.7 (Oil Spill Response Fleet)]. 

Shell‟s September 17, 2009 comments to EPA on the proposed permit at p.6, requests EPA to 

allow load monitoring to replace fuel monitoring on its support icebreakers and the Nanuq.  Shell 

states load monitoring systems are already installed on these vessels, and it can provide 

information to verify the load monitoring is more accurate. We request that EPA obtain 

additional information to verify the type of automated load tracking systems Shell is proposing 

and to determine if they are more accurate than fuel monitoring. Shell should provide 

information on the specific load tracking systems proposed for each unit. This additional 

information should be provided for public review. While Shell has installed load monitoring 

capability on the currently contracted vessels, it has requested flexibility in support vessel 

selection for future operating years, and, must explain how it will provide equivalent capability 

on future contract vessels. 

Shell‟s September 17, 2009 comments to EPA do not provide an adequate alternative proposal to 

replace EPA‟s proposed continuous individual fuel metering requirements on the M/V 

Discoverer equipment. More information is needed from Shell to better understand how an 

equal level of compliance and accuracy can be achieved without individual fuel meters. 

The proposed permit requires that fuel flow meters measure the fuel flow rate with an accuracy 

equal to or better (less) than two percent of the meter‟s upper range value (see, e.g., Condition 

C.7.1.3). Since compliance with the NAAQS, as demonstrated in the ambient air quality 

analysis for the proposed permit, can just barely be demonstrated for PM2.5 on a short-term basis, 

it is imperative that the accuracies of the measurements that are the basis for the modeling inputs 

be no more than the margin needed to demonstrate compliance with the NAAQS. That is to say, 

since the difference between the 24-hour PM2.5 NAAQS of 35 µg/m
3 

and the maximum 

predicted 24-hour average PM2.5 concentration plus the background concentration used in the 

ambient analysis is less than 4%, the fuel flow meters must be accurate, at least, to this level (i.e., 
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≤ 4%).  

Since the emissions inputs for the model are based, in general, on multiplying the applicable 

emission factor by the associated operating factor (e.g., fuel usage rate) then the accuracy of this 

input is determined by the sum, in quadrature, of the fractional uncertainties associated with each 

factor.
192 

If, as is indicated in Shell‟s September 17, 2009 comments (p. 11), the uncertainty in 

the stack test data is upwards of 15%, then Shell must be able to demonstrate compliance with 

the NAAQS considering a margin of error no less than 15%.
193 

This would mean the predicted 

24-hour PM2.5 concentration would need to be less than 30.4 µg/m
3 

when considering the 

applicable background concentration. In fact, the highest predicted 24-hour PM2.5 concentration 
3 3 194

from the permit modeling was 33.7 µg/m with a background concentration of 8 µg/m . 

Therefore, EPA must establish permit limits that, when considering the accuracy of the emission 

factor and operating data, demonstrate compliance with the NAAQS with a margin of error no 

less than the accuracy of the input data.
195 

The proposed permit, when considering the accuracy 

data supplied by Shell, does not demonstrate compliance with the short-term PM2.5 NAAQS. 

3. Relief well emissions. 

Shell‟s application requests approval to drill up to 5 wells in a 168 day time period. Shell‟s 

application states that Table 2-1 includes relief well emissions within the 168 day total drilling 

period.
196 

With respect to relief well emissions, in addition to the fact that any such drilling 

is an extremely remote contingency, Table 2-1 already includes the relevant 

emissions information. The only emissions that would be associated with well 

control events would be emissions produced from drilling the relief well in the 

very unlikely event that this were necessary to control a blowout. No emissions 

would be associated with emergency deployment of the ship‟s Subsea Blowout 

Preventer (SSBOP).
197 

EPA‟s proposed permit condition B2.3 requires Shell to include any time spent drilling a relief
 
well from the total 168 day operating period. We agree that the time needed to drill a relief well
 
should be deducted from the total 168 day operating period. We also agree that relief well
 
drilling emissions must be included in PTE calculation.
 

192 
The quadrature sum is the square root of the sum of the squares.
 

193 
The uncertainty in the calculated emission rate would be the square root of the sum of the
 

squares of the fractional uncertainties, as follows:
 
2 2 1/2 

q = ((2%) + (15%) ) = 15.1% 
194 

EPA Stmt of Basis at Table 12a, Appendix B, Figures and Tables. 
195 

As determined by the sum, in quadrature, of the fractional uncertainties for each variable. 
196 Shell Revised OCS App. at 22. 
197 

Id. (emphasis added). 
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Shell does not specify the time it will take to drill a relief well in the air permit application, but 

does conclude in its Beaufort Sea Oil Discharge Prevention and Contingency Plan (ODPCP)
198 

that a blowout can be controlled using the M/V Discoverer within a 34 day period.
199 

We request that EPA revise permit Condition B2.3 to read: 

A 34 day period must be reserved out of the total 168 operating period to drill a 

relief well. All exploratory well drilling (planned wells and sidetracks) must be 

completed within 134 days, reserving at least a 34 day period to drill a relief well. 

Any time spent drilling a relief well shall be included in the time recorded in 

Conditions B.2.2.3 and B.2.2.4. If the relief well exceeds a 34 day period, excess 

emissions must be reported. 

4. Sulfur content of diesel fuel. 

EPA‟s proposed permit condition B.4 requires ultra-low sulfur fuel (15 ppm sulfur) on all 

emission units except the main propulsion engines (Unit FD-7). We request that the main 

propulsion engines be required to use ultra-low sulfur fuel (15 ppm sulfur) in accordance with 

EPA‟s June 6, 2006 Final Rule: Control of Air Pollution from Motor Vehicles and Nonroad 

Diesel Engines: Alternative Low-Sulfur Diesel Fuel Transition Program for Alaska.
200 

EPA‟s proposed permit condition B.4 requires testing to verify the ultra-low sulfur fuel (15 ppm 

sulfur) limit is met; however, EPA‟s proposed permit condition B.4.3 appears to allow Shell to 

burn fuel that exceeds the 15 ppm limit as long as any exceedance is reported to EPA. We 

request that proposed permit condition B.4.3 be revised to clarify that fuel that does not meet the 

15 ppm standard cannot be used, and must be returned to the supplier. We do not find it 

acceptable to merely test the fuel sulfur content, and report any exceedances as a BACT 

approach. We request that EPA enforce its requirement to limit all actual fuel use to 15 ppm 

sulfur.  Fuel that does not meet that standard should be returned to the supplier. 

Condition B.4 should be revised to read: 

The permittee shall not combust any liquid fuel with sulfur content greater than 0.0015 

percent by weight, as determined by Condition B.4.1, in any emission unit on the 

Discoverer. 

Condition B.4.3 should be revised to read: 

Fuel tests must verify the fuel sulfur content is 15ppm or less for that fuel to be used. Fuel 

exceeding 15ppm fuel sulfur must be returned to the supplier, unused. 

198 
A Chukchi ODPCP has not been provided for review at this time.
 

199 
Shell Beaufort Sea ODPCP at 1-26.
 

200 71 Fed. Reg. 32450-32464 (June 6, 2006).
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EPA‟s proposed permit condition B.5 allows the fuel sulfur content for the ancillary vessels to be 

0.19 percent by weight. Similarly, We request that the ancillary vessels be required to use ultra-

low sulfur fuel (15 ppm sulfur) in accordance with EPA‟s June 6, 2006 Final Rule: Control of 

Air Pollution from Motor Vehicles and Nonroad Diesel Engines: Alternative Low-Sulfur Diesel 

Fuel Transition Program for Alaska. 

Condition B.5 should be revised to read: 

The permittee shall not combust any liquid fuel with sulfur content greater than 

0.0015 percent by weight, as determined by Condition B.5.1, in support fleet 

engines. 

Condition B.5.3 should be revised to read: 

Fuel tests must verify the fuel sulfur content is 15ppm or less for that fuel to be 

used. Fuel exceeding 15ppm fuel sulfur must be returned to the supplier, unused. 

EPA‟s June 6, 2006 Final Rule: “Control of Air Pollution from Motor Vehicles and Nonroad 

Diesel Engines: Alternative Low-Sulfur Diesel Fuel Transition Program for Alaska”
201 

requires 

marine vessels to comply with a 15 ppm fuel sulfur standard on June 1, 2010. Shell‟s proposed 

2010 operations, therefore, need to comply with this standard.
202 

The final rule states: 

Beginning June 1, 2010, diesel fuel used in these applications must meet a 15 ppm 

(maximum) sulfur content standard. 

In 2010, highway and nonroad fuel in rural Alaska will be required to meet the 15 

ppm sulfur standard, providing the full environmental benefits of these programs 

to rural Alaska as well. 

The permanent exemption from the 500 ppm sulfur standard of 40 CFR 80.29 for 

rural Alaska terminates on the implementation date of the new 15 ppm sulfur 

standard in 2006. 

On September 14, 2003, Alaska …requested that the 15 ppm standard applicable 

to locomotive and marine diesel fuel produced in, imported into, and distributed 

or used within rural Alaska be moved up to June 2010, from the June 2012 date 

in the final nationwide NRLM rule. 

This rule specifies one exception to the nationwide NRLM standards and 

implementation deadlines in effect for diesel fuel produced in, imported into, and 

distributed or used within rural Alaska, beginning June 1, 2010. This exception is 

that locomotive and marine diesel fuel will also be required to meet the 15 ppm 

sulfur content standard on June 1, 2010 rather than in 2012. 

201 
71 Fed. Reg. 32450-32464 (June 6, 2006). 

202 
http://www.epa.gov/otaq/regs/fuels/diesel/420f06040.htm (Appendix IV). 
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This rule further specifies that the 15 ppm sulfur standard applicable to 

locomotive and marine fuel (LM) be moved forward to 2010 to be implemented at 

the same time as the 15 ppm sulfur standard for nonroad (NR) diesel fuel. In this 

way there will only be one grade of NRLM
203 

diesel fuel in the rural areas in 2010 

and 2011 instead of two separate grades (i.e. 15 ppm and 500 ppm). The 

implementation dates for the NRLM diesel fuel sulfur standards are shown in 

Table II.B-1. [Table II.B-1 shows refiners and importers of fuel must meet the 15 

ppm fuel sulfur standard on June 1, 2010.]
204 

Additionally, we request that EPA require Shell to provide more information in its air permit 

application on the: 

 fuel storage capacity for each vessel; 

 which vessels (and capacity per vessel) will be used to resupply fuel;
 
 where the fuel transfers will occur; and
 
 the frequency of fuel transfers required. 


EPA must account for any emissions associated with the resupply of fuel to the Discoverer and 

its associated fleet when within 25 miles of the drillsite and must ensure these emissions are 

clearly identified and included in the modeling analysis. It is not clear if the resupply ship (FD

31) includes fuel transfers or if other vessels will be needed for refueling. 

5. Prohibited activities. 

Permit condition B.8 prohibits flowing test wells, flaring gas and storing liquid hydrocarbons. 

This condition should also prohibit venting formation gas, and refueling within 25 miles of a 

drill-site unless those emissions are accounted for in the permit and BACT is applied. 

6.	 EPA’s proposed OCS/PSD permit must include requirements to 

ensure Shell is held to its representations regarding the exploratory 

drilling program that were made in its permit application. 

EPA‟s proposed permit for Shell‟s exploration activities in the Chukchi Sea includes important 

provisions to ensure that the permitted sources cannot be modified from the source parameters 

that were reflected in Shell‟s complete PSD permit application.  EPA‟s proposed permit specifies 

the date of the PSD permit application, descriptions of the proposed sources that include the 

individual make and model, as well as the rated capacity. We strongly support the inclusion of 

these provisions and references to the representations made in the permit application in order to 

ensure that Shell cannot change its operation in ways that could change air pollutant dispersion 

or alter BACT analyses without limitation. As an added measure, we suggest that EPA include a 

provision in the permit stating that operation of the permitted sources must be in accord with the 

information provided in the PSD permit application initially submitted by Shell Offshore Inc. on 

203 
Nonroad, Locomotive and Marine (NRLM). 


204 
71 Fed. Reg. 32450-32464 (June 6, 2006) (emphasis added).
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December 19, 2008, revised on February 23, 2009 and supplemented with the specific submittals 

identified in the administrative record for this permit action. 

Further, EPA must require notification of any deviations from the information included in the 

permit application materials, and must make clear that any significant deviation from the 

representations made by Shell in its PSD permit application may be grounds for suspension or 

revocation of the permit. These types of permit provisions are commonly required in PSD 

permits, and provide a necessary assurance to the public and tribal, state and federal regulatory 

agencies that operation of significantly different sources, or significant modifications of the 

proposed sources, cannot occur without further evaluation. 

Shell‟s application has been amended, corrected, supplemented numerous times since it was 

originally submitted in December 2008, making the application very cumbersome for the public 

to review, requiring the public to wade through thousands of pages of proposals, corrections and 

correspondence between Shell and EPA to determine what the application actually requests and 

to locate technical support data. 

On September 17, 2009, over a month into the public comment period, Shell provided – yet 

further – additional corrections and supplements to its already unwieldy application and 

proposed submitting – even more – data at a later, yet to be determined date. As evidenced by 

Shell‟s latest revisions, Shell has yet to submit a complete, final permit application ripe for 

public review and comment. We request that Shell be required to correct and consolidate its 

permit application into one complete document that is more manageable for the general public to 

review. 

We request that Shell‟s consolidated, corrected complete application, along with a revised EPA 

proposed permit and Statement of Basis addressing our concerns be provided for another 60 day 

public comment period. 

B. Comments on the Ambient Air Quality Analysis and Supporting Data. 

1. Ice management and anchor handling fleet. 

EPA‟s proposed permit allows for the use of a generic ice management and anchor handling 

fleet. Under the proposed permit conditions, Shell can use a flexible number (one or two) of 

vessels that must meet generic parameters for capacity (see, e.g., Conditions N.1.1 through N.1.4 

and O.1.1 through O.1.4), emission rates and limits for volume source release heights (e.g., 

Condition N.8). We are not convinced that merely capping the aggregate capacities of various 

vessel parameters, requiring the vessels meet certain emission rates for PM2.5, PM10 and NOx and 

requiring a minimum volume source release height is enough to ensure that the use of different 

vessels will be able to ensure compliance with NAAQS. EPA must require that Shell specify 

which Ice Management vessels it will use and establish permit limits and associated modeling 

requirements based on the use of these specific vessels. 
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The proposed permit requires stack testing of the support vessels to be completed prior to each 

drilling season (see, e.g., Conditions N.9 and O.11), but does not specify how far in advance the 

testing must be done, nor does the permit include a remedy for failed tests. 

Permit condition B.7.8 requires all stack test results to be provided to EPA within 45 days of 

testing. However, if stack testing only occurs a few days prior to the drilling season, there will 

not be adequate time to analyze and remedy any test results that exceed the permit limits before 

drilling starts. With a 168 operating day limit per drilling season, a quarter of the drilling season 

could pass before EPA even receives the test results. Permit conditions N.1.7 and O.1.7 requires 

Shell to notify EPA no later than 45 days prior to deployment to the Chukchi Sea of the ice 

management vessels selected. EPA requires 30 days notice on the testing which would appear to 

result in testing occurring as little as 15 days before the start of the drilling season. EPA must 

coordinate these timetables so that adequate time is allowed for to remedy any failed tests of the 

specified vessels 

We request that EPA require all stack tests to be completed at least 180 days prior to each 

drilling season to ensure there is adequate time to analyze and remedy any test results that exceed 

permit limits. The permit must clearly state that any emission unit that fails to meet the 

permitted emission limit must not be operated until the unit is repaired or additional emission 

control is installed. Collecting test data, and merely reporting excess emissions if tests fail to 

meet permit limits, is not an acceptable solution, especially in the cases where the annual NOx 

and 24-hour PM2.5 NAAQS compliance margins are very tight. A failed test, unresolved, could 

result in a NAAQS exceedance. 

We are also concerned that ice management activities may be underestimated in the permit 

analysis. This is important since the icebreaker activities represent a large portion of the overall 

emissions from the exploration activities. Specifically, the ice management vessels‟ activity 

accounts for more than 90 percent of PM emissions (and over 85 percent of NOx emissions) from 

Shell‟s annual exploration drilling activities. The ice management vessels‟ emissions are 

dependant on ice conditions; heavier ice conditions result in heavier engine load factors and 

higher emissions. The Statement of Basis (p. 33) indicates that, “[b]ased on statistics on ice at 

the Sivulliq drill site in the Beaufort Sea, Shell estimates that ice breaking capability would only 

be required 38 percent of the time.” 

Assuming this is the same data used for the Camden Bay Exploration Plan, this estimate is based 

on 2003-2005 data.
205 

The reference for this statement is a recent (2009) conversation between 

Air Sciences, Inc. and the “Arctic Wells Advisor” for Shell International Exploration and 

Production, Inc. Based on these data and this reference, it was assumed that there would be a 

38% frequency of ice within 30 miles of the drillship. However, in its revised application to the 

US Coast Guard for safety zone designation, Shell characterized the ice conditions more recently 

than 2003-2005 as follows: 

Ice conditions during 2006 were such that the areas of drilling interest were ice 

covered the majority of the period between July and October. If ice conditions are 

205 
Shell EP EIA Appendix H at 206 
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similar during 2007, then each drill rig will be constantly ice managed within its 

anchor array.
206 

This indicates that there is a strong possibility that the 38% frequency of ice may grossly 

underestimate emissions from the icebreaker vessels. EPA must secure an unbiased source of 

data for this important assumption – something other than an estimate from Shell of ice 

conditions. If the operator‟s estimate is based on a scientific analysis of ice flow data from 2003 

2005 then that analysis should be made available and more recent data, if possible, should be 

incorporated into the analysis. The icebreaker vessels‟ emissions must be modeled to account 

for the maximum potential operation scenario under maximum ice conditions for the relevant 

time of year. We request that the emissions be recalculated based on full time ice management, 

the modeling be rerun and both be provided for public review. 

2. Oil spill response. 

EPA does not address the potential air impacts from sources associated with potential oil spills in 

this permit. There are emissions estimates for oil spill response vessels in the inventory to 

account for emissions from these vessels associated with training and drills but EPA does not 

directly address the potential ambient air quality impacts from the pollutants that will occur in 

the event of an oil spill. The details of an oil spill response and ensuing emissions are known 

and therefore we ask that EPA consider these potential emissions along with Shell‟s potential to 

emit. We would like to see EPA complete a full evaluation of the potential air quality impacts 

from an oil spill scenario, including VOC and HAP emissions from evaporation, PM2.5 and PM10 

emissions from in-situ burning during cleanup operations and combustion emissions (NOx and 

PM) from vessels during the response. Alternatively, EPA should clarify the applicability of 

USCG and ADEC guidelines and rules to Shell‟s operations (e.g., related to spill scenarios for 

in-situ burning, etc.) and how these will ensure protection of human health in the event of an oil 

spill.  

If EPA will not be addressing an emergency oil spill response event directly in this permit then it 

needs to address how attainment of the NAAQS will be assured for this particular Air Quality 

Control Region (AQCR), in general. The CAA Section 110 requirements for States to prepare 

State Implementation Plans (SIPs) that detail provisions for attainment and maintenance of the 

NAAQS in the Air Quality Control Regions (AQCR) under its jurisdiction do not apply to the 

AQCR where Shell proposes to conduct its exploratory drilling program. EPA must clearly 

explain how it will be ensuring attainment of all NAAQS in this AQCR in the absence of a SIP 

for the region. Specifically, EPA must address how the enforceable measures of a Federal 

Implementation Plan may be needed in order to establish contingency plans for air pollution 

emergencies, such as may occur during an oil spill. 

3. Hazardous Air Pollutants (HAPS). 

206 
Letter from Susan Childs, Regulatory Affairs Coordinator – Alaska, Shell Offshore Inc. to 

United States Coast Guard, District 17 at 2 (May 30, 2007), regarding the establishment of safety 

zones for the Frontier Discoverer drill ship and the semi-submersible drill unit Kulluk in the 

Beaufort Sea, Alaska. 
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The proposed permit is based on total hazardous air pollutant emissions from the proposed 

exploration drilling program of 3.5 tons per year, as quantified in Shell‟s permit application 

materials. Shell‟s estimates are based on “requested limits and other limits assumed under the 

permit application and supporting materials submitted to EPA.”
207 

The emissions calculations included in Shell‟s application materials show HAP estimates for 

units FD-1 through FD-22, the ice management fleet and the OSR fleet. There are no HAP 

emissions estimates for the incinerator (FD-23), the fuel tanks (FD-24 through FD-30), the 

drilling mud system (FD-32) and the shallow gas diverter system (FD-33).
208 

EPA must prepare 

a more comprehensive inventory and include estimates for individual HAPs as well as an 

assessment of total HAP emissions from all sources combined. 

4. Background concentrations 

EPA and Shell are relying on data collected at the monitoring station in Wainwright, Alaska as 

representative of background concentrations for the Shell exploratory drilling program. The 

Wainwright station was established by ConocoPhillips Alaska, Inc. in late 2008 for the purposes 

of collecting pre-construction monitoring data for future permit applications. EPA is accepting 

data collected to-date from the Wainwright station in fulfillment of the preconstruction 

monitoring requirement of 40 CFR § 52.21(m). EPA justifies the use of these data as 

representative of background concentrations for Shell‟s exploratory drilling program, as follows: 

Wainwright is a rural area with few combustion sources and arctic weather 

conditions similar to those of the Chukchi Sea. EPA believes that the location of 

the Wainwright monitoring station is representative of air quality in the area 

covered by Shell‟s leases in Lease Area 193 because of the relative closeness of 

Wainwright to the Shell leases, the relative lack of air pollution sources in 

Wainwright and the area covered by Shell‟s leases, and the relative similarity of 

the meteorology in Wainwright and the area covered by Shell‟s leases.
209 

EPA has approved the use of the SO2, NO2, NOx, NO, CO, and O3 gaseous measurements and 

PM10 data collected from November 8, 2008 to June 30, 2009 as appropriate for use as 

representative background air quality levels for this proposed permitting action.
210 

EPA‟s 

regulations require at least one year of pre-construction monitoring data unless “the 

Administrator determines that a complete and adequate analysis can be accomplished with 

monitoring data gathered over a period shorter than one year (but not to be less than four 

months).”
211 

Instrumentation problems rendered all PM2.5 data collected from November 8, 2008 

through March 5, 2009 invalid.  According to EPA: 

207 
EPA Stmt of Basis at 18.  


208 
See EPA Stmt of Basis at Section 4.5; see also supra at 32. 


209 
EPA Stmt of Basis at 74.
 

210 
Id. at 75.
 

211 
40 C.F.R. § 52.21(m)(1)(iv).  
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The [PM2.5 instrumentation] problem has since been addressed. USEPA 2009b. 

PM2.5 data collected from March 6, 2009 through June 30, 2009 does meet the 

requirements of the EPA approved monitoring plan, but does not at this time 

satisfy the requirement of 40 CFR Part 51, Appendix A, § 3.2.5.5, and 40 CFR § 

51.21(m)(3), which requires co-located Federal Reference Method (FRM) and 

Federal Equivalent Method (FEM) PM2.5 samplers at one of the PSD network 

monitoring stations. Shell is in the process of establishing co-located monitors at 

one of the PSD network monitoring stations.
212 

Therefore, the minimum requisite four months of PM2.5 data has not been obtained. EPA must 

make clear when the co-located samplers were established and must count the four months of 

monitoring data from that date. 

For PSD monitoring, EPA should require collocation at least at one site in the network
213 

operating one-in-six days for a sampler operating on a one-in-three day schedule, or one-in-three 

days for a sampler running every day.
214 

EPA must also require quarterly Performance 

Evaluation Program (PEP) audits of 100 percent of the network every quarter.
215 

Since PSD 

monitoring sites operate for such a short relative period, it is extremely important to have tight 

Quality Assurance controls. These requirements should be spelled out in the Quality Assurance 

Project Plan (QAPP) written by the monitoring organization and approved by the overseeing 

entity (in this case, the Region). EPA must clearly identify the expectations for how the data 

being gathered will be used, and what is allowable for the precision and bias values in order to be 

able to apply the data with a reasonable level of confidence. 

It is important to point out that the available PM2.5 data, while they do not meet the requirements 

for co-located samplers, also do not correspond to the same months of operation as covered by 

Shell‟s exploration drilling program. EPA must provide further justification as to why data 

collected from a different part of the year is representative of background concentrations during 

the proposed exploration activities or why the available data are more conservative that what 

would be expected during the project time period. 

In fact, it does not appear that this is the case. Shell has submitted recent monitoring data 

collected at the Wainwright monitoring station through July 31, 2009 to EPA (September 17, 

2009) which include higher recorded values than any others included in the previous record.  

Specifically, 24-hour average PM2.5 concentrations collected in July include no less than eight 

days where the maximum recorded 24-hour average concentration was equal to or greater than 

the background concentration of 8 µg/m
3 

used in EPA‟s and Shell‟s ambient air impact analysis. 

The highest 24-hour average concentration from July of 14 µg/m
3 

is 75% higher than the 

background concentration used in the permit analysis. In fact, use of any of the top three 

monitored concentrations as representative background concentrations in EPA‟s ambient air 

212 
EPA Stmt of Basis at 75. 

213 
40 C.F.R. § 58 Appendix A §3.2.5.5. 

214 
40 C.F.R. § 58 Appendix A §3.2.5.7. 

215 
40 C.F.R. § 58 Appendix A §3.2.7. 

45
 

Attachment 10 
Page 45 of 58



 

 

        

     

 

 

 

    

      

        

      

         

      

        

        

      

     

       

         

        

    

   

 

     

        

    

   

  

 

   

  

   

   

   

   

   

    

    

          

                                                 

   

   

 

      

      

      

  

    

AEWC ICAS NSB

analysis would result in modeled violations of the 24-hour PM2.5 NAAQS.
216 

As written, the 

proposed permit does not ensure compliance with the short-term PM2.5 NAAQS when 

considering the most recent data from the Wainwright monitor. 

The fact that EPA‟s and Shell‟s modeling cannot demonstrate compliance with the NAAQS 

using more recent data from the Wainwright monitor – and that was collected during a month 

that corresponds to the same time of year covered by Shell‟s proposed operations – poses serious 

questions with respect to EPA‟s determination. In particular, we are concerned with EPA‟s 

decision to accept: (1) minimal pre-construction PM2.5 monitoring data; (2) data collected 

outside the time period being permitted; and (3) data not based on EPA‟s own monitoring 

requirements for operating co-located samplers. EPA must require a complete monitoring record 

that covers at least the time period for which the permit will be issued. This same issue was 

raised to Shell in 2007
217 

when we requested additional site-specific monitoring data to be 

collected for their proposed exploratory drilling program; Shell has had adequate time to collect 

the data. There are no short cuts for failing to collect an adequate amount of pre-construction 

monitoring data and Shell must be held to the same regulatory standards as all other applicants. 

If the monitoring data collected at the Wainwright station are not considered representative of 

background concentrations for Shell‟s proposed exploration activities then EPA must require 

Shell to collect the requisite data before issuing a final permit. 

In fact, EPA is requiring that Shell collect monitoring data through December 2009 for its 

proposed exploration drilling program in the Beaufort Sea for the very same reasons argued here 

and has not deemed the permit application complete as a result of this, and other, deficiencies in 

Shell‟s application. Following is an excerpt from EPA‟s September 4, 2009 incompleteness 

letter highlighting these issues: 

Recently provided data from Wainwright shows nine 24-hour periods of PM2.5 

measurements equal to or greater than the 8.0 micrograms per cubic meter during 

the months of July and August, 2009, with the highest measured concentration at 

14.42 micrograms per cubic meter. The 8.0 micrograms per cubic meter for a 24

hour average was measured in June, 2009. After its initial review and 

consideration of all the PM 2.5 24-hour measurements from 06 March 2009 to 31 

August 2009 at Wainwright, EPA now believes it is prudent to extend the PM2.5 

data collection at Wainwright and Badami such that the measurements include 

the months that SOI intends to conduct exploratory drilling operations. This 

would be the months of July to December for the SOI Beaufort Sea OCS PSD 

216 
EPA Stmt of Basis, Appendix B, Table 12a shows a max modeled 24-hour average 

concentration for PM2.5 of 25.7 µg/m
3 

(SOS #1). Considering the top three monitored 

concentrations at Wainwright, total predicted concentrations are as follows: 
3 3 3

25.7 µg/m + 14 µg/m = 39.7 µg/m (113% of 24-hour PM2.5 NAAQS) 
3 3 3

25.7 µg/m + 13 µg/m = 38.7 µg/m (111% of 24-hour PM2.5 NAAQS) 
3 3 3

25.7 µg/m + 11 µg/m = 36.7 µg/m (105% of 24-hour PM2.5 NAAQS) 
217 

Letter from Johnny Aiken, North Slope Borough, to Natasha Greaves and Dan Meyer, EPA 

Region 10 (May 11, 2007) (Appendix IV). 
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permit application. [The Chukchi Sea OCS PSD permit application is for the same 

time period.] 

In addition, Appendix A in 40 CFR Part 58 requires collocated PM 2.5 sampling at 

the monitoring station or at one of the PSD network monitoring stations. The 

monitoring stations at Wainwright and Badami currently are not operating a 

collocated sampler. In summary, SOI is requested to submit PM2.5 measurements 

representative of the months of July to December which meets the requirements 

contained in paragraph (m)(3) in 40 CFR Part 52.21 and Appendix A of 40 CFR 
218

Part 58. 

The fact that EPA‟s proposed permit for Shell‟s exploratory drilling program in the Chukchi Sea 

includes a requirement for post-construction monitoring of PM2.5 (Condition R.1) undercuts the 

Agency‟s argument that sufficient pre-construction monitoring data exist. It is the EPA‟s 

responsibility to require that Shell collect the needed data up-front; the permit process must not 

proceed without sufficient data that satisfy all EPA‟s regulatory obligations. 

5. Secondary PM2.5 formation. 

An important consideration in determining PM2.5 impacts, which is not accounted for in the 

modeling for this proposed permit, is the assessment of secondary PM2.5 formation in the 

atmosphere. In addition to primary PM2.5 emissions (directly emitted from combustion point 

sources and from fugitive sources), emissions of NOx, VOCs, SO2 and ammonia can form, after 

being emitted into the atmosphere, into PM2.5 and this can potentially be a significant component 

of ambient PM2.5 concentrations.
219 

And while primary PM2.5 emissions are generally a localized 

issue, secondary PM2.5 emissions can be more regional in scale. Secondary PM2.5 formation 

could be especially important considering the fact that the modeling results presented in the 

Statement of Basis, Appendix B, predict PM2.5 concentrations at over 96% of the 24-hour 

NAAQS.
220 

The fraction of PM2.5 concentrations in the ambient air that is due to the secondary formation of 

PM2.5 (e.g., sulfates and nitrates), as opposed to directly emitted [primary] PM2.5 (e.g., as a 

product of combustion) is dependent on many factors. However, the presence of strong 

temperature inversions that limit dispersion contribute to the formation of secondary PM2.5 in the 

atmosphere and can increase secondary PM2.5 formation. PM2.5 concentrations, therefore, can be 

due to gaseous pollutants that form fine particles after reacting with other compounds in the air 

during meteorological inversions and it is important for EPA to consider these PM2.5 precursor 

sources (e.g., NOx from the diesel combustion sources associated with Shell‟s exploration 

drilling program) in its ambient air quality impact analysis. Because of the presence of strong 

218 
Letter from EPA to Shell, Re: Incompleteness Determination for Outer Continental Shelf Pre-

Construction Air Permit Application for the Frontier Discoverer Beaufort Sea Exploration 

Program, at 11-12 (Sept. 4, 2009) (Appendix IV) (emphasis added). 
219 

See http://www.epa.gov/ttnnaaqs/pm/presents/policies_for_pm25_precursors

rich_damberg.ppt 
220 

EPA Stmt of Basis at Appendix B Table 12a. 
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temperature inversions on the North Slope, EPA must seriously consider the contribution from 

secondary PM2.5 to total PM2.5 concentrations from the permitted sources. 

EPA must address how it will account for secondary PM2.5 impacts from the permitted sources. 

EPA‟s Support Center for Regulatory Atmospheric Modeling (SCRAM) provides various 

resources for modeling the impacts of secondary PM2.5. For example, EPA‟s recently-developed 

model based on the Community Multi-scale Air Quality (CMAQ) model in support of the 

development of the PM2.5 NAAQS has been shown to “reproduce the results from an individual 

modeling simulation with little bias or error” and “provides a wide breadth of model outputs, 

which can be used to develop emissions control scenarios”.
221 

The Comprehensive Air quality 

Model with extensions (CAMx) is another tool available to assess secondary PM2.5 formation. 

CAMx has source apportionment capabilities and can assess a wide variety of inert and 

chemically reactive pollutants, including inorganic and organic PM2.5 and PM10. The Regional 

Modeling System for Aerosols and Deposition (REMSAD) can also model concentrations of 

both inert and chemically reactive pollutants on a regional scale, “including those processes 

relevant to regional haze and particulate matter”.
222 

These are just some examples of current 

models, identified by EPA, with the capability to assess secondary PM2.5 impacts. 

EPA must use account for the secondary PM2.5 formation from permitted sources. The 

secondary PM2.5 component could be critical to understanding the best way to mitigate potential 

PM2.5 impacts. 

6. Impacts to regional Ozone. 

EPA failed to complete any analysis of the proposed exploratory drilling program‟s impacts on 

ozone concentrations in the region.  EPA justifies this, as follows: 

Because NOx and VOC net emissions exceed 100 tons per year, Shell is required 

under the 40 CFR § 52.21(i)(5) to perform an ambient air quality impact analysis, 

including gathering ambient air measurements, of ozone. Ozone is formed in 

atmosphere through a chemical reaction that includes NOx, VOC and CO in the 

presence of sunlight. The sources of these air pollutants are mainly combustion 

sources such as power plants, refineries and automobiles. Over the past ten years, 

monitoring programs have measured ozone and ozone precursors (i.e., NOx and 

VOC) on the North Slope in the area where the oil and gas operations are 

currently located. Ozone levels at these locations are higher than the levels that 

have been collected at the Wainwright monitoring site. Shell expects to emit 

approximately 2818 tons per year of NOx and roughly 107 tons per year of VOC 

ozone precursor emissions. These precursor emissions and it contribution to the 

formation of ozone is expected to be small.”
223 

Yet EPA presents no analysis (qualitative, or otherwise) to support such a statement that 

221 
See http://www.epa.gov/scram001/reports/pmnaaqs_tsd_rsm_all_021606.pdf (Appendix IV). 


222 
See http://remsad.saintl.com/ (Appendix IV). 


223 
EPA Stmt of Basis at 76.
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contribution to ozone formation from this project is expected to be small. The atmospheric 

chemistry leading to ozone formation is complex and is highly sensitive to a wide range of 

factors, including the intensity of sunlight, air temperature and the quantity and chemical 

composition of the volatile organic compounds (VOC) and nitrogen oxide (NOx) pollutants that 

combine in the presence of sunlight to form ozone. For these reasons, EPA should not simply 

dismiss the issue without more detailed justification. EPA must more thoroughly address the 

potential regional ozone impacts from the permitting actions of large air pollution sources on the 

OCS as it continues to receive applications for exploration activities. 

Traditionally, elevated ozone levels are thought to be a summertime problem that plagues large 

urban areas. However, “recent events that have occurred in rural southwest Wyoming in 

wintertime demonstrate this is not always the case.”
224 

This raises a potential concern with 

respect to potential regional ozone formation on the North Slope of Alaska during the non-

summer months. According to a recent study by the National Oceanic and Atmospheric 

Administration, ozone rapidly formed in southwest Wyoming “when three factors converged: 

ozone-forming chemicals from the natural gas field, a strong temperature inversion that trapped 

the chemicals close to the ground, and extensive snow cover, which provided enough reflected 

sunlight to jump-start the needed chemical reactions.” 
225 

The North Slope of Alaska also 

exhibits these three factors needed for ozone formation. First, industrial sources in the North 

Slope region have the potential to contribute tens of thousands of tons of NOx emissions (80,000 

TPY) and several thousand tons of VOC emissions (2,500 TPY) to the area each year.
226 

These 

sources and Shell‟s proposed OCS activities are all contained within an area similar in size to a 

representative regional ozone study domain (e.g., 400-500 km by 400-500 km). In comparison, 

the NOx inventory for the counties that include the Wyoming development field totals just over 

60,000 TPY and VOC emissions total just over 10,000 TPY.
227 

224 
WYDEQ Sublette County Air Quality Information Page, see e.g., 

http://deq.state.wy.us/out/downloads/PINEDALE%20April%2008%20Town%20Meeting.pdf); 

see also http://www.starvalleyindependent.com/2009/03/governor-concerned-over-southwest

wyoming-ozone-levels/. 
225 

See NOAA‟s press release (available at: 

http://www.noaanews.noaa.gov/stories2009/20090118_ozone.html), January 18, 2009 for 

Schnell, R.C., et al.  2009. Rapid photochemical production of ozone at high concentrations in a 

rural site during winter.  Nature Geoscience 1-3 (January 18, 2009) (available at: 

http://www.nature.com/naturegeoscience) (Appendix IV). 
226 

See the North Slope Borough Region Emission Summary in Table 3.4.5-8 of the Beaufort Sea 

and Chukchi Sea Planning Areas Oil and Gas Lease Sales 209, 212, 217, and 221 Draft 

Environmental Impact Statement, OCS EIS/EA MMS 2008-0055. Total permitted NOx 

emissions exceed 83,000 TPY and total permitted VOC emissions exceed 2,500 TPY (available 

at: 

http://www.mms.gov/alaska/ref/EIS%20EA/ArcticMultiSale_209/2008_0055_deis/vol4k5.pdf 

)(Appendix IV). 
227 

Based on 2005 emissions data presented in meeting notes from Greater Yellowstone Area 

Clean Air Partnership Annual Meeting, Pocatello, ID, October 17-18, 2007 (available online at 

http://www.fs.fed.us/r1/gallatin/resources/air/gyacap/docs/GYACAP-

Pocatello_2007_Meeting_Notes.doc) (Appendix IV). 
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Second, strong temperature inversions frequently occur in Alaska‟s North Slope region. Finally, 

extensive snow cover is persistent in the region from as early as September through June.
228 

The 

Chukchi and Beaufort Seas exploration activities will occur, at least in part, during this period. 

While there may not be available sunlight in the dead of winter there is certainly abundant 

sunlight in the fall and spring in conjunction with snow cover and strong temperature inversions.  

The fact that the pollution sources and photochemical mechanisms for producing ozone are 

available and the possibility of elevated background concentrations from global transport of 

pollution is real means that EPA must more thoroughly investigate the effects of NOx and VOC 

sources from the proposed exploration activities on the OCS and from existing and reasonably 

foreseeable NOx and VOC sources in the region on ozone formation on the North Slope. 

Even though monitored levels of ozone from the Wainwright monitor do not threaten compliance 

with the NAAQS, background concentrations as high as 50 ppb have been observed.
229 

This 

level is equivalent to background concentrations currently observed in the active oil and gas 

development areas in the Uinta Basin in northeast Utah.
230 

EPA has a regulatory obligation to 

ensure compliance with the NAAQS. Emissions will dilute as they transport away from their 

source of origin, but spreading of plumes is not always rapid and is highly dependent on the 

atmospheric stability at the time. Emissions from Shell‟s activities could certainly contribute to 

ozone formation in the region under the right conditions, as described above. 

A study looking at future ozone concentrations in the Arctic from increased shipping traffic in 

the Arctic northern passages determined that ships‟ combustion engines could increase ozone 

concentrations in the region by 2-3 times in the decades ahead (with predicted peak 

concentrations reaching more than 60 ppbv in July and August). 
231 

According to the same study, 

“the photochemical lifetime of ozone [in the Arctic] is rather long, and its deposition velocity on 

ice and water is small.” Furthermore, “[i]n most regions of the troposphere, including the remote 

Arctic areas where background concentrations of pollutants are particularly low, the formation 

rate of ozone is limited by the amount of nitrogen oxides that are present in the atmosphere.” 

Thus, it is conceivable that NOx (and VOC) emissions from Shell exploration activities in the 

Chukchi and Beaufort Seas could contribute to elevated ozone concentrations in the region, even 

during the summer months. 

228 
See, e.g., the Barrow Snowmelt Date study performed by NOAA‟s Earth System Research 

Lab (available at http://www.esrl.noaa.gov/gmd/grad/snomelt.html) (Appendix IV). 
229 

EPA Stmt of Basis, Appendix B, Table 8 shows representative background concentrations for 

ozone (8-hr average) of 96 µg/m
3
. 1 ppb = 1 µg/m

3 
* 24.45 / MW so 96 µg/m

3 
* 24.45 / 48 = 49 

ppb 
230 

Background ozone concentrations in the Uinta Basin, Utah from recent (2008) EAs = 50 ppb 

(draft Big Pack EA UT-080-06-488, draft River Bend EA UT-080-07-772, draft Southam 

Canyon EA UT-080-08-342) (available at: 

http://www.blm.gov/ut/st/en/fo/vernal/planning/nepa_.html). 
231 

Granier, C., U. Niemeier, J. H. Jungclaus, L. Emmons, P. Hess, J.-F. Lamarque, S. Walters, 

and G. P. Brasseur (2006), Ozone pollution from future ship traffic in the Arctic northern 

passages, Geophys. Res. Lett., 33, L13807, doi:10.1029/2006GL026180 (available at: 

http://www.agu.org/pubs/crossref/2006/2006GL026180.shtml) (Appendix IV). 

50
 

Attachment 10 
Page 50 of 58

http://www.esrl.noaa.gov/gmd/grad/snomelt.html
http://www.blm.gov/ut/st/en/fo/vernal/planning/nepa_.html
http://www.agu.org/pubs/crossref/2006/2006GL026180.shtml


 

 

 

     

         

 

 

     

  

 

        

 

 

       

 

 

    

      

    

      

    

   

 

     

     

   

     

   

 

     

     

 

      

  

         

 

 

     

  

 

                                                 

  

  

   

 

 

  

AEWC ICAS NSB

In order to fulfill its regulatory responsibilities to ensure compliance with all NAAQS, EPA must 

include a more thorough evaluation and discussion of potential ozone impacts in the region from 

ongoing permitting activity on the OCS. 

V.	 EPA Must Ensure That Other Applicable Environmental Laws And Requirements 

Are Met Before A Clean Air Act Permit Is Issued To Shell. 

Prior to the issuance of any permit to Shell, there are several environmental laws that must be 

complied with. 

A.	 A National Environmental Policy Act Review is Required Before Shell is 

Allowed to Explore for Hydrocarbons in the Chukchi Sea. 

The National Environmental Policy Act (NEPA) is our Nation‟s “basic national charter for 

protection of the environment.”
232 

NEPA declares a national policy “to enrich the understanding 

of the ecological systems and natural resources important to the Nation,”
233 

and makes it the 

“continuing responsibility” of all federal agencies to “preserve important historic, cultural, and 

natural aspects of our national heritage . . ..” Id. § 4331(b)(4).  

Shell‟s PSD permit application is related to the company‟s exploration plans in the Chukchi Sea.  

Shell is currently proposing exploratory operations in both the Chukchi and Beaufort Seas with 

very similar environmental impacts. We have asked the Minerals Management Service (MMS) 

to analyze the impacts from these two Exploration Plans together under the National 

Environmental Policy Act (NEPA). We request that EPA exercise its authority to provide 

review and feedback on this or any other related NEPA process.
234 

Acknowledging the hefty work load Region 10 already has, we ask that whenever possible the 

EPA provide assistance to MMS in analyzing and reviewing the impacts to air and water 

resources from proposed off-shore drilling operations in the Arctic.  In the past, MMS has simply 

deferred to EPA‟s permitting processes in its NEPA documents instead of actually analyzing the 

air and water impacts from off-shore oil and gas activities and we unfortunately have little reason 

to believe this approach will change. Thus, we ask for EPA‟s assistance in ensuring such 

analyses are performed and made available to the public for comment.  

B.  	 EPA Must Conduct an Environmental Justice Analysis before Making a 

Decision on Shell’s Permit Application. 

232 
40 C.F.R. § 1500.1(a).  

233 
42 U.S.C. § 4321. 

234 
40 C.F.R. § 52.21(s) (“[w]henever any proposed source or modification is subject to action by 

a Federal Agency which might necessitate preparation of an environmental impact statement 

pursuant to the National Environmental Policy Act, review by the Administrator conducted 

pursuant to this section shall be coordinated with the broad environmental reviews under that Act 

and under section 309 of the Clean Air Act”). 
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Under Executive Order No. 12898, EPA must consider and address, when appropriate, 

“disproportionately high and adverse human health and environmental effects of [their] 

programs, policies, and activities on minority and low-income populations."
235 

When issuing 

PSD permits, the EAB has required that the permitting agencies provide details about the 

required environmental justice analysis.
236 

Thus, the EPA must conduct an environmental justice 

analysis to determine the environmental implications of Shell's operations. 

In the statement of basis for the draft permit, EPA recognizes that the Alaskan Natives, a 

minority population, make up a significantly large portion of the potentially impacted 

communities.
237 

As previously discussed in section III, Shell's operations will contribute to 

global warming effects that will harm the Arctic and threaten the livelihood of those native 

communities.  

EPA has found that there are human health hazards associated with exposure to diesel exhaust.  

In the Health Assessment Document for Diesel Engine Exhaust, EPA explained that some of 

these health hazards include "acute exposure-related symptoms, chronic exposure related 

noncancer respiratory effects, and lung cancer."
238 

Notably, EPA found that diesel engine 

exhaust is "likely to be carcinogenic to humans by inhalation" through environmental 

exposures. 
239 

EPA must consider whether or how these human health hazards will affect the 

native communities that are on-shore from Shell's operations.   

EPA cannot rely upon Shell's compliance with the NAAQS to determine that Shell's air 

emissions will not harm human health and welfare. Even though the NAAQS are supposed to 

protect human health with an adequate margin of safety, CAA § 109(b),
240 

the standards often do 

not. EPA has failed to update the NAAQS every five years as required, thus the NAAQS do not 

always reflect the current state of technological and scientific knowledge about criteria 

pollutants. Even when EPA revises the NAAQS, the agency does not always adopt the most 

protective standard recommended by the Clean Air Scientific Advisory Committee to protect 

human health and welfare. In fact, the U.S. House Committee on Oversight and Government 

Reform documented how political considerations trumped health recommendations in the March 

2008 determination of the NAAQS for Ozone.
241 

235 
See Exec. Order No. 12,898, Federal Actions To Address Environmental Justice in Minority
 

Populations and Low-Income Populations, 59 Fed. Reg. 7,629, 7,632-33 (Feb. 11, 1994).  

236 

See In re: Knauf Fiber Glass, PSD Permit No. 97-PO-06, 8 E.A.D. 121, 175 (1999) 

(remanding PSD permit to the permitting agency to include the environmental justice analysis in 

the record).  

237 

EPA Stmt of Basis at 83.
 
238 

Available at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=29060 at 1-3(May 2002)
 
(Appendix V).  

239 

Id. at 1-4 and 1-5.  

240 

42 U.S.C. § 7409(b). 

241 

See Memo Re: Supplemental Information on the Ozone NAAQS, May 2008 (available at 

oversight.house.gov/documents/20080520094002.pdf) (Appendix V). 
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Particulate matter provides a compelling example that the NAAQS are insufficient to protect 

public health. In the most recent revision of the NAAQS for PM, EPA documented the health 

problems associated with exposure to particulate matter, including chronic respiratory disease, 

asthma, lung cancer, and cardiorespiratory mortality.
242 

EPA found that epidemiological studies 

revealed a linear relationship between health problems, notably cancer, and the ambient 

concentration of particulate matter. EPA could not determine a threshold for particulate matter 

concentrations under which no human health effects would occur.
243 

This evidence suggests that 

any level of particulate pollution will have human effects, thus the PM NAAQS is not protective 

of human health.  

Due to the unreliability of the NAAQS, EPA cannot conclude that Shell's purported compliance 

with the NAAQS will protect the health and welfare of the native communities in the 

surrounding area. Thus, EPA must conduct an independent analysis to determine the impact of 

Shell's activities on the health and welfare of the native communities in the Chukchi Sea.  

C.	 EPA Needs to Consult with FWS and NMFS under Section 7 of the 

Endangered Species Act. 

The Endangered Species Act (ESA) was enacted to provide “a means whereby the ecosystems 

upon which endangered species and threatened species depend may be conserved . . . [and] a 

program for the conservation of such endangered species and threatened species . . . .”
244 

The 

Supreme Court has explained that “the plain intent of Congress . . . was to halt and reverse the 

trend toward species extinction, whatever the cost.”
245 

Section 7(a)(2) of the ESA requires every federal agency in consultation with the Fish and 

Wildlife Service (FWS) and the National Marine Fisheries Service (NMFS) to “insure” that its 

actions are “not likely to jeopardize the continued existence of any endangered species” or result 

in the adverse modification of listed species‟ designated “critical habitat.”
246 

As the EAB has 

explained, “most importantly, „[a]fter meaningful consultation” with the Service, it is the federal 

agency who “possesses the ultimate decisionmaking authority to determine whether it may 

proceed with an action.‟”
247 

Once consultations have commenced, section 7(d) of the ESA 

prohibits “any irreversible or irretrievable commitment of resources with respect to the agency 

action which has the effect of foreclosing the formulation or implementation of any reasonable 

and prudent alternative measures.”
248 

242 
See EPA National Ambient Air Quality Standards for Particulate Matter; Final Rule. 71 Fed. 


Reg. 61144, 61154 (Oct. 17, 2006).
 
243 

See EPA National Ambient Air Quality Standards for Particulate Matter; Proposed Rule, 71 

Fed. Reg. 2620, 2635.
 
244 

16 U.S.C. § 1531(b).
 
245 

TVA v. Hill, 437 U.S. 153, 184 (1978).
 
246 

16 U.S.C. § 1536(a)(2); Thomas v. Peterson, 753 F.2d 754, 763 (9th Cir. 1985).
 
247 

In re: Desert Rock Energy Company LLC, Slip Op. at 37 (quoting Pac. Rivers Council v. 

Thomas, 936 F. Supp. 738, 744 (D. Idaho 1996)). 

248 

16 U.S.C. § 1536(d); see also In re: Desert Rock, Slip Op. at 38-39.  
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Shell‟s proposed operations include significant air emissions. The Discoverer‟s emissions alone 

include an estimated 22,000 tons of CO2 per year, 
249 

and the combined emissions of Shells‟ 

operations include significant quantities of PSD pollutants.
250 

Not only will these emissions 

contribute to global climate change – which has led to the listing of several Arctic species under 

the ESA – but they may threaten marine habitat as discussed below, see supra at *, regarding the 

need for a new soil and vegetation analysis.  

Additionally, Shell‟s proposed operations have great potential to impact ESA listed species. 

Our whaling captains and Inupiat elders have long expressed their concern that bowhead whales 

are extremely sensitive to ocean discharges as they have very strong olfactory senses and can 

easily detect contaminants in the water column. The deposition of air pollutants from Shell‟s 

proposed operations have a strong likelihood of causing bowhead whales to avoid the areas 

where the pollutants are being deposited. Wind and air currents in the Chukchi Sea need to be 

taken into consideration in determining the areas that will be impacted and the ensuing impacts 

to bowhead whales need to be analyzed before Shell is issued a permit. It is not sufficient for 

EPA to rely on consultations for other projects,
251 

in light of its statutory obligation to ensure that 

“any action” it authorizes will not “jeopardize the continued existence of any” listed or adversely 

modify its critical habitat.
252 

The ramifications of Shell‟s emissions on the Chukchi Sea environment and the marine life 

therein must be consulted on with the FWS and NMFS before a permit is issued to Shell.
253 

Given the potential impacts of Shell‟s proposed actions and the need for additional analysis of 

the fragile Arctic environment, section 7 consultations should have been completed “prior to the 

comment period on the permit” because that is when EPA has the greatest “flexibility to address 

ESA concerns is the greatest.”
254 

We request that the EPA explain why it elected not to 

complete the section 7 consultation process before providing a draft permit for public comment.   

VI.	 Shell Submitted An Incomplete Application That Is Inconsistent With Information 

It Has Provided To Other Federal Agencies About Its Proposed Operations. 

The EPA‟s regulations provide that the owner or operator of an OCS source “shall submit to the 

[EPA] all information necessary to perform any analysis or make any determination required
 
under this section.”

255 
Here, Shell has submitted a permit application that is incomplete and
 

249 
Shell EP EIA at 36-37,
 

250 
See supra at 3. 


251 
See EPA Stmt of Basis at 81. 


252 
16 U.S.C. § 1536(a)(2). 


253 
See In re: Indeck, Slip Op. at 110-11, 13 E.A.D. at --- (Sept. 27, 2006) (“the Agency should 


complete the ESA process prior to the issuance of the final permit. This ensures that, if FWS
 
recommends any changes to the permit during the consultation process or, alternatively, if EPA 

decides to add or amend permit conditions based on any information or findings that arise during
 
the ESA consultation process, such changes may be implemented in the final PSD permit.” 

(internal citations omitted)).  

254 

In re: Desert Rock Energy, Slip. Op. at 39 (quoting Indeck, at 114)).  

255 

40 C.F.R. § 55.6(a)(1)(i).  
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inconsistent with its representations to other agencies. For these reasons, Shell should not 

receive a permit until it can fully describe its proposed activities in an accurate manner.  

For example, Shell is required to provide “[a] detailed description as to what system of 

continuous emissions reduction is planned for the source or modification, emission estimates, 

and any other information necessary to determine that best available control technology would 

be applied.”
256 

In light of the numerous changes Shell has proposed to its operations, it is 

difficult to discern whether these requirements have been met or not.  

Pursuant to its own regulations, EPA is not allowed to process “a permit until the applicant has 

fully complied with the application requirements for that permit.”
257 

Because Shell has not 

demonstrated compliance with EPA‟s application requirements, we ask that it not be issued a 

permit at this time. 

A. Shell’s Monitoring Data is Inadequate. 

The monitoring data Shell is using to support its application is incomplete and inadequate for 

several reasons. First, Shell has not collected monitoring data within even 25 miles of where it is 

proposing to explore for oil and gas.
258 

The data provided in support of a permit application 

must be representative of actual conditions at the project site.
259 

Second, Shell has not collected the requisite year‟s worth of data and neither EPA nor Shell has 

provided an adequate explanation for using less than a year of data. This practice fails to meet 

the requirement that “analysis shall contain continuous air quality monitoring data.”
260 

Shell has provided monitoring data from ConocoPhillips
261 

for SO2, NO2, NOx, NO, CO, and O3
 

and PM10 from November 8, 2008 to July 30, 2009.
262 

Eight months worth of data is insufficient
 
particularly where the data does not even cover all the months that Shell is anticipating operating
 
in the Chukchi Sea – i.e., August, September, October, and November. In connection with 

Shell‟s OCS PSD application for operations in the Beaufort Sea, EPA explained that the data “at 

a minimum, should represent the [Shell] drill season months July to December, so EPA can be
 

256 
40 C.F.R. § 52.21(n)(1)(iii).  


257 
40 C.F.R. § 124.3(a)(2). 


258 
See Shell Chukchi Sea EP at 3; EPA Stmt of Basis at 74.  


259 
See 40 C.F.R. § 51, App. W sec. 8.2.1(b), 8.3(a).
 

260 
40 C.F.R. § 52.21(m)(1)(iii); see also EPA, Ambient Monitoring Guidelines at 6 (requiring
 

applicants to conduct “monitoring” “for at least 1 year prior to submission of the application to 

construct”).  

261 

We point out that this data was collected by Conoco Phillips only because it is a subset of a
 
much larger data set that ConocoPhillips is collecting to support a PSD permit application that it
 
anticipates submitting in the future.  These efforts by ConocoPhilips demonstrate that with 

proper planning a more sufficient data set can be collected.
 
262 

See EPA Stmt of Basis at 74; 3d Quarter Data Report May-July 2009 (submitted Sept. 18, 

2009).   
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reasonably assured there won‟t be a NAAQS violation.”
263 

Moreover, ConocoPhillips‟ data is 

also far from continuous as demonstrated by its monitoring reports.
264 

Moreover, with respect to 

PM2.5, it is unclear whether Shell has yet to provide any adequate data, see supra at *.
265 

This is significant because, as EPA recognized, “[t]he monitoring state at Wainwright is the first 

site on the North Slope with a PM2.5 monitor.”
266 

Until adequate PM2.5 data is collected, there is 

no basis for making any assumptions about the baseline PM2.5 levels on the North Slope. EPA 

needs to explain the assumptions it is making about PM2.5 levels and why they are valid. The 

need for additional data especially for PM2.5 should result in a decision that Shell‟s permit cannot 

be issued at this time.  

We also question why EPA concluded that Shell‟s Chukchi PSD permit was complete based on 

the data as described above, but determined that Shell‟s Beaufort PSD permit application was not 

complete when it had similar (although admittedly even more substantial) monitoring 

problems.
267 

EPA needs to explain this discrepancy. 

B. Shell’s Soil and Vegetation Analysis is Insufficient. 

EPA requires PSD permit applicants to “provide an analysis of the impairment to visibility, soils 

and vegetation that would occur as a result of the source” and impacts associated with the 

source. 
268 

Here, Shell has simply concluded that it failed to “identify any negative impacts on 

aquatic vegetation” with commercial or recreational value from the air emissions from Shell‟s 

proposed operations.
269 

We ask EPA to explain why this conclusion is correct and why 

additional information and an actual analysis is not required to comply with 40 C.F.R. § 

52.21(o).  

In particular, we are concerned about the impacts of Shell‟s proposed emissions on the 

“planktonic and benthic foodwebs” that support the Chukchi Sea‟s “faunal biomass” which is 

263 
Letter from Richard Albright, EPA to Susan Childs, Shell at 4 (Sept. 4, 2009).
 

264 
See, e.g., 3d Quarter Data Report May-July 2009 at Table 1 (discussing power outages, tape
 

errors, etc.).  

265 

On September 4, 2009, EPA clarified that as of that date “[t]he monitoring stations at 

Wainwright and Badami currently are not operating a collocated sampler.” Letter from Richard 

Albright, EPA to Susan Childs, Shell at 4 (Sept. 4, 2009). Therefore, it does not appear as 

though Shell has submitted any adequate PM2.5 data.  In its monitoring report, ConocoPhilips 

expresses several concerns with the adequacy of the PM2.5 data it is collecting explaining that it
 
conducted two background tests with different results, it made adjustments to its PM2.5 data, and 

that PM2.5 background values are higher than PM10 values.
 
266 

EPA Stmt of Basis at 75.  

267 

Compare Letter from Richard Albright, EPA to Susan Childs, Shell at 4 (Sept. 4, 2009) with
 
Letter from Richard Albright, EPA to Susan Childs, Shell (July 31, 2009).
 
268 

40 C.F.R. § 52.21(o)(1). 

269 

See EPA Stmt of Basis at 78.  
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one of the highest “in the Arctic, as well as in the world ocean.”
270 

A full analysis of the impacts 

from Shell‟s emissions on the foodwebs in the Chukchi is necessary before Shell can obtain a 

permit under the CAA. 

C.	 Shell’s PSD Permit Must Account for Shut Downs and Start Ups in Light of 

Mitigation Measures that Will be Necessary to Protect Marine Mammals. 

Shell states in its permit application that while “[s]ounds from the Discoverer have not 

previously been measured in the Arctic or elsewhere,” “mitigation as described for seismic 

activities including ramp ups, power downs, and shut downs should not be necessary for drilling 

activities.” Shell Chukchi Sea Marine Mammal Monitoring and Mitigation Plan at 3-4.
271 

We 

disagree that the now typical mitigation measures for activities in the Arctic of powering or 

shutting down when marine mammals are sited and powering up when the marine life has moved 

on will not be required of Shell for its drilling operations. 

Shell is uncertain of the level of noise that will be emitted by the Discoverer. It includes 

estimates from 1987 from a drill ship and nearby support ship of “134 dB re 1 μPa at 0.2 

km” and another estimate of icebreaker noise of “175 dB re 1 μPa (rms) and 181 dB re 1 μPa 

(rms), for drilling and icebreaking, respectively” which Shell reduced by “15dB.”
272 

Putting the 

need for measurements from the Discoverer aside, the numbers Shell has provided indicate that 

ramp downs or shut downs may be required to mitigate impacts to marine mammals from its 

operations. Thus, we ask that EPA ensure that ramp downs and ramp ups, and shut downs and 

start ups be taken into account in determining the emissions from Shell‟s operations, as well as 

the necessary best available control technologies. 

D.	 Shell Has Inconsistently Represented the Engines to Which it is Applying 

BACT. 

In its Exploration Plan for the Chukchi Sea, Shell states repeatedly that:  

(1) “Primary generators on the Discoverer retrofitted with selective catalytic 

reduction devices to reduce NOx emissions to under 0.5 g/kW-hr, and catalytic 

oxidation devices to reduce CO by 80 percent, VOCs by 70 percent, and PM10 by 

at least 50 percent,” 

270 
See Grebmeier J. and K.H. Dunton, Benthic Processes in the Northern Bering/Chukchi Seas: 

Status and Global Change in MMC, IMPACTS OF CHANGES IN SEA ICE AND OTHER 

ENVIRONMENTAL PARAMETERS IN THE ARCTIC Final Workshop Report (2000) 

(available at:  http://mmc.gov/reports/workshop/pdf/seaicereport.pdf#page=82) (Appendix VI). 
271 

We also point out that Shell notes elsewhere in its application that “[t]he presence of MMOs 

onboard drilling and support vessels will be a core component of compliance with the 4MP. The 

MMOs will be responsible for collecting basic data on observations of marine mammals and for 

implementing mitigation measures including vessel avoidance measures and factored into 

decisions concerning operational shutdown.” Shell Revised OCS App. at 145 (emphasis added). 
272 

Shell Chukchi Sea Marine Mammal Monitoring and Mitigation Plan at 3-4. 
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and 

(2) “All other engines on Discoverer will either be Tier 3 (low emissions) or will 

be retrofitted with catalytic Diesel Particulate Filters to reduce devices to reduce 

CO, VOCs, and HAPs by at least 80 percent and fine particulate matter by at least 

85 percent.”
273 

However, as evidenced by Appendix A to this comment letter, this is not the case. Shell is not 

applying any control technology to the boilers or incinerator beyond “good control 

technologies.” Therefore, these statements are incorrect and mis-leading. Moreover, Shell‟s 

assertions does not clearly state that a whole host of engines associated with its operations are 

not being regulated at all, because Shell has not conducted a BACT analysis for its ancillary 

vessels or the Discoverer‟s propulsion engine.   

273 
Shell 2010 Exploration Plan at 157-58.  
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGIONIO 


1200 Sixth Avenue 
Seattle, W A 9810 I 

ReplyTo 	 Aug 21, 2001 
AttnOf: OAQ·107 

Mr. John Kuterbach, Chief 
Air Quality Management 
Alaska Department of Environmental Conservation 
410 Willoughby A venue, Suite 303 
Juneau, Alaska 99801-1795 

Re: 	 Permitting of Forest Oil's Kustatan Production Facility and Osprey Platform Pursuant to the 
Alaska SIP 

Dear Mr. Baumgartner: 

Through the federal National Environmental Policy Act (NEP A) process, EPA has been 
evaluating the potential environmental consequences associated with Forest Oil's development of the 
Redoubt Shoal Unit. As you already know, development ofthe Redoubt Shoal Unit will require 
permitting of an off-shore platform, Osprey, and an on-shore production facility, Kustatan, for 
purposes of air quality protection. Our recently issued draft environmental assessment identifies 
Forest Oil's obligation to apply for an air quality construction permit from the Alaska Department of 
Environmental Conservation (ADEC). In fact, we are aware that Forest Oil submitted a revised PSD
avoidance permit application to you in July 2001, for Kustatan in responding toADEC's finding that 
the original application was incomplete. 

In ADEC's May 15,2001, incompleteness letter to Forest Oil, ADEC expresses a concern 
that Kustatan and Osprey should be permitted together as one facility. We share ADEC's concerns as 
evidenced by our recent contribution to the NEPA process. See the enclosed August 17, 2001, EPA 
memorandum from me to Robert R. Robichaud, Manager, NPDES Permits Unit. For the reasons 
developed in the enclosed memorandum, it is our position that Kustatan and Osprey are one facility 
for the purposes of air quality construction permitting consistent with the Alaska SIP-approved PSD 
rules and EPA guidance. Based upon my most recent conversation you, we are in agreement on this 
position. 

Please consider the enclosed memorandum and guidance as your office reviews Forest Oil's 
revised application for Kustatan. If you have any questions regarding the enclosed material, please 
contact Dan Meyer of my staff at 206.553.4150. 

Sincerely, 

Douglas E. Hardesty Manager 
Federal and Delegated Air Programs 

Enclosures 

cc: 	 John Amundsen, Forest Oil 
Jim Baumgartner, ADEC 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGIONIO 


1200 Sixth Avenue 
Seattle, WA 98101 

AUG 21 2001 

MEMORANDUM 

SUBJECT: Forest Oil Kustatan Facility and Osprey Platform Construction Permitting 
Applicabilitv Determination 

FROM: Douglas E. Hardesty, Manager 
Federal & Delegated Air Programs Unit (OAQ- 107) 

TO: Robert R. Robichaud, Manager 
NPDES Permits Unit (OW-l30) 

The purpose of this memorandum is to communicate the Office of Air Quality's position 
regarding the air quality construction permitting of Forest Oil's Kustatan Facility (Kustatan) and 
Osprey Platform (Osprey). Both Kustatan and Osprey play vital roles in the Redoubt Shoal Unit 
Development Project in central Cook Inlet. In preparation for issuing an NPDESpermit to 
Forest Oil for Osprey, Matthew Harrington ofyour staff is currently developing an environmental 
assessment (EA) to address potential environmental consequences associated with the 
development of the Redoubt Shoal Unit. In addition, the environmental assessment identifies the 
specific federal and state agencies under whose permit authorization mitigation measures for 
environmental impacts may be applicable. 

Mr. Harrington has asked Dan Meyer of my staff to identify the applicable air quality 
construction permit requirements enabling the Alaska Department ofEnvironmental 
Conservation (ADEC) to implement the mitigation measures related to air quality impacts. 
Specifically, Mr. Harrington asks whether or not Kustatan and Osprey should be permitted as one 
facility ot two under the Alaska State Implementation Plan (SIP)-approved Prevention of 
Significant Deterioration (PSD) program. Mr. Harrington has provided Mr. Meyer with the 
following background information: 

March 2001 Application for an Air Quality Construction Permit for the Forest Oil 
Corporation Kustatan Production Facility, 

April 12, 2001, Draft Environmental Assessment for the New Source NPDES Forest Oil 
Redoubt Shoal Unit Production Oil and gas Development Project, 

May 15,2001, ADEC Notice of Incomplete Application to Forest Oil Corporation for the 
Kustatan Production Facility, and 

-1
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July 2001 Revised Applicationfor an Air Quality Construction Permit for the Forest Oil 
Corporation Kustatan Production Facility. 

Based upon information provided in the records noted above, the Alaska SIP.approved PSD 
regulations, and EPA's PSD guidance documents, it is the position of the Office of Air Quality 
that the Kustatan and Osprey projects are one facility under the Alaska SIP·approved PSD 
regulations. Given that the development of the Redoubt Shoal Unit is intended to progress 
swiftly to production in a relatively short period of time, Kustatan and Osprey should be 
permitted together consistent with rule requirements and so as to avoid potential PSD 
circumvention. 

Discussion 

The scope ofthe proposed Redoubt Shoal Unit development, according to the April 12, 
200 I, draft EA, includes the following components: 

• 	 Conversion of the Osprey Platform from a manned exploratory platform to a minimally· 
manned production platform. 

• 	 Production drilling operations using freshwater·based and oil·based drilling fluids. 
Drilling muds and cuttings will be disposed of with on.platform grind and injection 
facilities. 

• 	 Construction of a new oil production facility located at Kustatan on the West Forelands 
for oil separation, platform power generation, and produced water treatment for 
reinjection offshore. 

• 	 Transportation of crude oil and natural gas from the Redoubt Shoal Unit to the new oil 
production facility. 

• 	 Transportation of the crude oil from the new oil production facility to existing facilities 
onshore (through the Trading Bay Production Facility). 

Osprey is located 1.8 miles southeast of the tip of the West Forelands off·shore in central Cook 
Inlet. Formerly an exploratory drilling operation, Osprey will soon be converted to an oil and gas 
production platform. The oil and gas produced by Osprey will be processed on·shore at Kustatan 
approJdmately 4.5kilometers (2.8 miles) away. 

According to the July 2001 Revised Application for an Air Quality Construction Permit 
for Kustatan, 

No industrial activity currently occurs at the {KustatanJ facility location. Exploratory 
drilling was conducted in November and December 2000. One well was drilled. 
Production quantities ofpetroleum were notfound and the drilling operation was 
discontinued. 

·2· 
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The proposed operation will collect produced liquids and gas ji-om Forest Oil's 
Osprey Platform, separate the oil, produced water, and natural gas, and transfer 
the oil and natural gas' to Forest Oil's West MacArthur River Production Facility. 

According.to 18 Alaska Administrative Code (AAC) SO.900(21) and (41) of the Alaska 
SIP, approved February 16, 1995, 60 Fed. Reg. 8943, 

"facility" means pollutant-emitting sources or activities which are located on 
one or more contiguous or adjacent properties and which are owned or operated 
by the same person or by persons under common control; and 

"source" means a structure, building, installation, or other part ofa facility 
which emits or may emit a regulated air pollutant. 

Both Kustatan and Osprey are individually considered "sources" given that each will contain 
equipment that emits regulated air pollutants. In order for Kustatan and Osprey to be considered 
one facility, two elements of the "facility" definition must be satisfied. Namely, 

I. 	 Kustatan and Osprey must be located on one or more contiguous or adjacent properties, 
and 

2. 	 Kustatan and Osprey must be owned or operated by the same person or by persons 
under common control. 

It is our understanding that ADEC has not yet made a final detennination whether or not 
to classify the two sources as one facility. ADEC reviewed the March 2001 Application for an 
Air Quality Construction Pennit for the Forest Oil Corporation Kustatan Production Facility, and 
ADEC provided comments to Forest Oil in a May IS, 2001, letter. As indicated in the letter, the 
application did not include emissions from Osprey. ADEC noted, 

It appears' that the Kustatan Facility and Osprey platform are a single facility as 
defined in AS 46.14.990. (9) As such, Forest Oil should determine facility 
classification based on combined emission rates. 

Forest Oil responded to these comments in a July 20, 2001, letter to ADEC accompanying its 
July 2001 Revised Application for an Air Quality Construction Pennit for the Forest Oil 
Corporation Kustatan Production Facility. Forest Oil stated, 

Forest Oil is the owner ofboth the proposed Kustatan Production Facility and the. 
Osprey Platform. Pipeline and electrical and communications cables will span 

iEPA's regulations relating to the requirements for a State to obtain a SIP-approved PSD 
program requires that a State's definition of "facility" or "source" must be more stringent or at 
least as stringent, in all respects to the EPA definitions provided in the regulations. See 40 C.F .R. 
§Sl.165(a)(l). 

-3
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the distance between the two Jacilities. However, the two properties are 
approximately 4.5 kilometers distant Jrom each other. Forest Oil does not own 
the land between the Osprey Platform and the Kustatan Production Facility. The 
intervening terrain is Cook Inlet. The State ojAlaska owns the land under that water 
body. 

There is no dispute that Kustatan and Osprey are under the common control of Forest Oil 
and thus satisfy the "common control" element ofthe "facility" definition. However, Forest Oil 
disputes that Kustatan and Osprey are "contiguous or adjacent" as noted in its response to 
ADEC. 

The "common sense" notion ojplant dictates that these two Jacilities are not 
contiguous or adjacent and should be treated independently Jar permitting 
purposes. " 

Forest Oil refers to a "common sense" notion of plant, which is a reference to the 
preamble to EPA's August 7,1980, final PSD rulemaking in the Federal Register, 45 Fed. Reg. 
52695; however, Forest Oil, does not evaluate how this "common sense" notion applies to the 
different elements of the Kustatan - Osprey relationship (ie. the distance between Kustatan and 
Osprey, or the support facility relationship between the two.) The preamble to the August 1980 
FR, in addition to other EPA guidance documents, however, do provide further guidance related 
to the "common sense" notion of whether two facilities are contiguous or adjacent. With respect 
to the definition of source [facility for purposes ofthe Alaska SIP], EPA states, 

(1) it must carry out reasonably the purposes oJthe PSD; (2) it must approximate 
a common s'ense notion oj "plant "; and (3) it must avoid aggregating pollutant
emitting activities that as a group would not fit within the ordinary meaning oj 
"building, " "structure, " ''facility,'' or "installation." Each source is to be 
classified according to its primary activity, which is determined by its principle 
product or group ojproducts produced or distributed, or service rendered. Thus 
one source classification encompasses both primary and support facilities, even 
when the latter includes units with a different two-digit SIC code. (emphasis 
added) 

45 Fed. Reg. 52694 and 52695. 

More specifically, with respect to the concept of"contiguous or adjacent", EPA states, 

EPA has stated in the past and now corifil'lns that it does not intend "source" to 
encompass activities that would be many miles apart along a long-line operation. 
For instance, EPA would not treat all ojthe pumping stations along a multistate 
pipeline as one "source." EPA is unable to say precisely at this point how Jar 
apart activities must be in order to be treated separately. The Agency can 
answer that question only through case-by-case determinations. 

-4
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45 Fed. Reg. 52695. 

EPA Region 8, with the assistance of EPA's Office of Air Quality Planning and 
Standards and Office ofOeneral Counsel, provided guidance to the State of Utah concerning 
multi-source aggregation for purposes of air quality construction permitting. in formulating the 
guidance. The May 21,1998, guidance document (Utility Trailer - attachment) utilizes previous 
EPA determinations to assist Utah in determining whether or not to aggregate two sources under 
common control but separated by about a mile. The guidance suggests that the determination 
include an evaluation of whether the distance between the two facilities is sufficiently small to 
enable them to operate as a single source. The evaluation questions proposed by Region 8 are 
transposed here with responses specific to the facts surrounding Kustatan and Osprey: 

1. Was the location ofhe new facility chos'en primarily because ofits proximity 
to the existingfacility, to enable the operation ofthe two facilities to be 
integrated? In other words, ifthe two facilities were sited much forther apart, 
would that significantly affect the degree to which they may be dependent on 
each other? 

Forest Oil chose to construct the Kustatan production unit at the former Tomcat drill site 
in West Foreland, 2.8 miles from Osprey, for a number of reasons. Utilization of the old Tomcat 
drill site avoids any further disturbance of wetlands, archaeological sites, and other surrounding 
properties while utilizing existing assets. Regardless of the specific location ofthe production 
facility in West Foreland (or outside West Foreland for that matter), the platform and production 
unit operate as one facility as each is exclusively dependent upon the other as illustrated in 
response to item 4. below. 

2. Will materials be routinely transferred between the facilities? Supporting 
evidence for this could include a phys'icallink or transportation link between the 
facilities. such as a pipeline. railway. special-purpose or public road. channel or 
conduit. 

To enable such an integrated operation, Kustatan and Osprey are physically connected by 
the following equipment: a) pipelines to transport the oil/gas/produced water from Osprey to 
Kustatan and to transport the treated produced water from Kustatanto Osprey, b) electrical cables 
to provide Osprey with power generated at Kustatan, and c) communication cables to 
coordinate efforts between the two. 

3. Will managers or other workers frequently shuttle back andforth to be 
involved actively in both facilities? Besides production line staff, this might 
include maintenance and repair crews. or security or administrative personnel. 

During the production phase of the project (20 years), the project will support lO-full 
time employees according to the draft EA (page 4-50). It is anticipated that Osprey will require 
up to 5 employees per hitch, and onshore personnel from Kustatan will also work at the West 
McArthur River Unit (West McArthur). Personnel from Kustatan and West McArthur will be 
utilized at Osprey to perform maintenance activities as required. 

-5
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4. Will the production process itselfbe split in any way between the facilities, 
i.e., will one facility produce an intermediate product that requiresfurther 
processing at the otherfacility, with associated air pollutant emis'sions? For 
example, will components be assembled at one facility but painted at the other? 

Osprey relies upon Kustatan to process all the platform's product into marketable oil and 
gas while separating and treating the produced water. Once treated, the produced water is piped 
back to Osprey and is then reinjected off-shore by Osprey. Kustatan also provides power 
generation to Osprey. Thus, after considering the factors relevant to determining whether 
Kustatan and Osprey are "contiguous or adjacent," we conclude that they are adjacent facilities 
within the federal definition of "source" and consequently under the definition of "facility" under 
the Alaska SIP-approved PSD regulations. 

Conclusion 

The Office ofAir Quality concludes that because Kustatan and Osprey are located on 
adjacent properties and are owned or operated by the same person under common control, they 
should be considered one facility under the Alaska SIP-approved PSD regulations. If you have 
any questions regarding this determination, please contact Dan Meyer of my staff at 
206.553.4 ISO. 

Attachment 

cc: 	 Marcia Combs, AOO 
Matthew Harrington, OW -130 
JeffKopf,ORC-I58 
Dan Meyer, OAQ-I 07 
John Pavitt, AOO 
Theodore Rockwell, AOO 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 


MAY 16, 1980 

MEMORANDUM 

SUBJECT: Shell Oil Company Wilmington Complex Specification of 
'\Source" 

FROM: 	 Director 
Division of Stationary Source Enforcement 

TO: 	 Clyde B. Eller, Director 
Enforcement Division, Region 9 

This is in response to your memo of April 3, 1980, in which 
you requested guidance on whether the wilmington Section and the 
Dominguez Section of Shell's Wilmington Refinery Complex should be 
considered one source for PSD purposes. The two sections of the 
refinery are located about 1.8 miles apart, are interconnected by 
twenty pipelines which transfer intermediary products back and 
forth, and are managed as a single refinery. The property between 
the Wilmington and the Dominguez Sections is either owned or 
leased by Shell or is property over which Shell has easement 
rights. 

Currently, PSD applicability is determined according to the 
rules outlined in the administrative stay issued January 30, 1980. 
Under those rules, a source is subject to PSD review only if it 
qualifies as a major new source or major modification under both 
the June 19, 1978 (existing) regulations and under the 
September 5, 1979 proposal. If the Shell refinery would be 
exempt from PSD review under the rules of the stay. The following 
paragraphs examine the applicability of the September 5 proposal 
to Shell's project. 

The September 5 proposal defines the term "source" as a group 
of pollutant-emitting activities which are located on one or more 
contiguous or adjacent properties and which are owned or operated 
by the same person (or by persons under common control). The two 
sections of the Shell refinery unquestionably satisfy the common 
ownership criterion. The question which remains is whether the 
two sections are on adjacent properties. 
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While EPA has not specifically identified the parameters 
under which adjacency will be evaluated, the conditions sur
rounding Shell's wilmington Refinery Complex will quality under 
any such criteria . As mentioned earlier in this memo, the 
Wilmington Section and the Dominguez Section are operated, 
together, as a single refinery. They are separated by 1.8 miles 
and are interconnected by a network of pipelines. The pipelines 
are used to transport intermediary products from one site to the 
other. Neither section produces finished products by itself. 

Given the factual situation of this case and the overwhelming 
evidence, I agree with Shell's claims that the two sections should 
be considered as a single source for purposes of PSD aplicabil 
ity. Note that this will be true in all cases. Although this 
decision may benefit the source in this instance, future increases 
in emissions at both locations must be aggregated for the purpose 
of determining applicability. The source does not have the 
discretion to decide that they are separate plants in the future 
unless the stated conditions of common management and physical 
interdependence are drastically altered. 

I understand that Libby Scopino of my staff has discussed 
this issue at length with Bill Wick and that your office and mine 
are in agreement as to the appropriate treatment of this case. 
The office of General Counsel and the Office of Air Quality 
Planning and Standards have concurred as well. 

Should you wish to discuss this issue further, please contact 
Rich Biondi at 755-2564. 

Edward E. Reich 

cc: 	 Mike James, OGC 
Richard Rhoads, OAQPS 
Bill Wick, Region 9 
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FIGURE 3-3-3-4 
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states during the period of maximum open water (mid·August to mid-Octoberl can be estimated from this 
standard relationship_ For example a moderate breeze of 11jQ-_16 knots (Force 4) will result in a wave 
height of 3.5 to 5 feet, a condition which would be exceeded approximately 30 percent of the time in 
September (Figure 3-J4),-_=Jhe month with the maximum extent of open water off the Alaskan Beaufort 
Sea coast 

In the event that a storm surge occurs, critical drilling operations would be curtailed and continuous 
monitoring of the weather forecast would ensue. For specific limitations on response equipment due to 
sea states, see ACS Technical Manual, Tactic L-7. 

3.4.3 In Situ Burning Response Measures in Ice 

Introduction 

One of the most important factors that influence drilling activities is the movement and amount of sea ice 
in the Beaufort Sea. Sea ice can pose a significant challenge for spill response; however, experience has 
shown that low temperatures and ice can often enhance spill response and reduce environmental 
impacts. For example: 

• 	 Low air and water temperatures often result in greater oil equilibrium thicknesses. thereby 
reducing spreading rates and areas of coverage. These reductions greatly reduce the potential 
for impact with natural resources while providing the potential for much higher oil encounter rates 
for mechanical recovery and burning operations. 
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• 	 Evaporation rates are reduced, leaving the lighter and more volatile components in the oil longer, 
thereby enhancing the ease with which the oil could be ignited. 

• 	 The wind and sea conditions in the Beaufort Sea are considerably less dynamic than most open: 
ocean environments; and the presence of ice can actually dampen wave action and limit ihe fetch 
over which winds might otherwise create large waves. 

• 	 While ice, even in low concentrations, can preclude the effective use of oil containment boom, 
responders may still operate with short boom extensions and skimmers to maneuver among ice 
pieces and intercept oil. 

• 	 When ice concentrations preclude the use of any boom, the ice will often serve as a natural 
barrier to the spread of oil and help concentrate the oil for pocket-recovery operations with 
stationary skimmers. The natural containment of oil against ice will often result in thicknesses that 
could significantly enhance the efficient removal of oil with burning. 

• 	 When high ice concentrations (very close pack) and/or continuous stable ice conditions prevail, 
any spilled oil (especially from a subsea blowout) will likely become immobilized and 
encapsulated within the ice and. therefore. isolated from any contact with airborne or waterborne 
resources. 

• 	 Oil locked up and captured within the ice will be preserved physically and chemically so that its 
unweathered state upon release (deliberately exposed, or naturally released during break:up) will 
support combustion. . 

In addition to the above environmental factors, there are other spill source considerations that should be 
recognized as-because they influence the full potential for elimination of spilled oil with burning: 

• 	 The spill scenarios associated with Shell's operations in the Beaufort Sea involve the release of 
oil and gas from a subsea blowout (in contrast to an above-water release such as from a fixed 
drilling structure). Oil would therefore be released to a relatively small area on the water with 
initial slicks with widths of typically a few hundred meters or less. Even with the gas-induced flow 
of oil and water toward the surface and the resulting radial spread of oil outward from the source, 
the initial area of involvement will be localized and relatively easy to contain and/or deflect with 
booms. 

• 	 Because of the likely release of large quantities of natural gas and vapors from the surfacing oil, it 
is likely that early ignition of that gas would be desirable as soon as the drillshipiA§-fi§ is moved 
off location. The vapor cloud could be readily ignited using standard ignition procedures, thereby 
eliminating the accidental ignition of the source when vessels are in close proximity. The early 
ignition of the source would not only be prudent for safety reasons, it is possible that significant 
quantities of oil could be eliminated through combustion at..QLinear the source. 

• 	 With or without ignition of the blowout, prevailing atmospheric conditions in the Beaufort Sea will 
support safe operating conditions at or beyond a few hundred meters downwind of the source. 

To summarize key points: the nature of oil released to the surface; the oil's limited spread due to reduced 
temperatures (and possible ice); and the potential for responders to access the oil before it moves far 
from the source and begins to weather, all enhance the potential for successful recovery and/or burning 
operations. 

Key Combustion Processes 

The following discussion summarizes the current state of understanding the scientific principles and 
physical processes involved with in situ burning of oil on water and ice. 
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For an oil slick on water or ice to become ignited, the oil must be thick enough to insulate itself from the 
water beneath it. The igniter can heat the surface of thickened oil to the flash point temperature at which 
the oil produces sufficient vapors to ignite. The rules of thumb for minimum ignition thickness are listed in 
Table 3-6. 

TABLE 3-6 

MINIMUM IGNITABLE OIL THICKNESS ON WATER 


(ADAPTED FROM BUIST ET AL., t2003) 


OIL TYPE MINIMUM THICKNESS 

LIght Crude and Gasoline 1 mm' (0.04 inch ..) 

Weathered Crude and Middle-Distillate Fuel Oils (Diesel and Kerosene) 2 to 3 mm (0.08 to 0.12 Inches) 

Residual Fuel Oils and Emulsified Crude Oils 10 mm (0.4 inch ..)~ 

*mm  millimeters 

The oil removal rate for in situ oil fires is a function of fire size (or diameter), slick thickness, oil type. and 
ambient environmental conditions. For most large (greater than 3 melef-m..diameter) fires of unemulsified 
crude oil on water, the "rule- of-thumb" is that the burning consumption rate is 3.S millimelef&-.mm per 
minute (mm/min). Lighter fuels burn faster while heavier oils and emulsions burn slower, as shown in 
Table 3-7. 

TABLE 3·7 

BURN REMOVAL RATES FOR LARGE FIRES ON WATER 


HADAPTED FROM BUIST ET AL., t2003)J 


OIL TYPE/CONDITION 	 BURNIREMOVAL RATE 

Gasoline >10 mm (0.4 inches) thick 	 4.5 mmlmin (0.18 Inlmln") 

Distillate Fuels (diesel and kerosene) >10 mm (0.4 inches) thick 	 4.0 mm/min (0.16 in/min) 

Crude Oil >10 mm (0.4 Inches) thick 	 3.5 mm/min (0.14 In/min) 

Heavy Residual Fuels >10 mm (0.4 inches) thick 	 2.0 mmlmin (0.08 inlmln) 

Slick 5 mm thick1 	 90 percent of rate staled above 

Slick 2 mm thick' 	 50 percent of rate stated above 

Emulsified oil (percent of water content)2 	 Slower than above rates by a factor equal to the 
water content percent 

Estimates of bumfremoval rate based on experimental bums and should be accurate to within ±20 percent. 

Inches per mmute 
t, Thin slicks will naturally extinguis~, so this reduction in bum rate only applies at the end of a burn. 

If ignited, emulsions will bum at 8 slower rate almost proportional to their water content (8 25;-percent water-in-crude-oil 
emulsion bums about 25 percent slower than the unemulsified crude). 

Burn rate is also a function of the size of the fire. Crude oil burn rates increase from 1 millimelef-j3ef 
R1iR~te (mm/minj with 3-foot diameter fires to 3.S mm/min for 1S-foot fires and greater. In situ burns on 
meltwater pools typically consume oil at 1 mm/min. For very large fires, on the order of SO feet in diameter 
and larger, burn rates may decrease slightly because there is insufficient air in the middle of the fire to 
support combustion at 3.S mm/min. As fire size grows to the SO-foot range, oil type ceases to affect burn 
rate for the same reason. 

An in situ oil fire extinguishes naturally when the slick burns down to a thickness that allows enough heat 
to pass through the slick to the water to cool the surface of the oil, below the temperature required for 
sustained combustion. The thickness at which an oil fire on water extinguishes is related to the type of oil 
and initial slick thickness. The rules of thumb are presented in Table 3-8. Other, secondary factors include 
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environmental effects such as wind (winds greater than 20 knots preclude in situ burning in most cases) 
current herding of slicks against barriers, and oil weathering. 

TABLE 3-8 

FIRE EXTINGUISHING SLICK THICKNESS 

liADAPTED FROM BUIST ET AL., (2003)! 


OIL TYPE/INITIAL SLICK THICKNESS EXTINGUISHING THICKNESS 

Crude all up 10 20 mm (0.8 Inches) thick 1 mm (0.04Inch.s) 

Crude Oil 50 mm (2 inches) thick 2 to 3 mm (0.08 to 0.12 inches) 

Distillate Fuels any thickness 1 mm (0.04 inches) 

With an estimate of the initial thickness of a fully contained slick, or a measure of the burn time, it is 
relatively easy to estimate oil removal efficiency by burning. If not all of the slick area is on fire; the 
calculations need to account for this. 

Oil=-removal efficiency by in situ burning may be summarized as a function of the following key factors: 

• Initial thickness of the slick, 

• Thickness of the residue remaining, and 

• Amount of the slick's surface that was on fire. 

The water current maintains the oil thickness in the apex of a fire-resistant boom under tow, or against an 
ice edge in wind. When burning in a current, the fire slowly decreases in area until it reaches a size that 
can no longer support combustion. This herding effect can increase overall bum efficiencies, but it 
extends the time required to complete each burn. 

The residue from a typical, efficient (greater than 85 percent removal) in situ burn of crude oil 10 to 20 
mm thick is a semi-solid, tar-like layer that has an appearance similar to the skin on an old can of latex 
paint that has gelled. For thicker slicks, typical of what might be expected in a towed fire boom (about 150 
to 300 mm), the residue can be a solid. Burn residue is usually denser than the original pre-burn oil, and 
usually does not spread due to its increased viscosity or solid nature. 

Most unburned oil or burn residue following combustion would be transported from the vicinity of the 
blowout by wind or currents~i s.§.hould any residue remain on the surface in the immediate area, it could 
be recovered by various means, including the use of booms in open-water conditions downstream of the 
burn area, or by response personnel using nets, poles. or other simple equipment over-Jhe-_side of small 
work-boats, subject to safe working conditions, weather, and available time. Disposal of any recovered 
residue would be in accordance with Appendix D. 

Tests indicate that the burn residues from efficient burns of heavier crude oils (less than "'32 degrees API 
gravity~) may sink once the residue cools, but their acute aquatic toxicity is very low or nonexistent. 
The ~In Situ Burning Guidelines for A/aska~ (ADEC, U.S. Environmental Protection Agency fIEPAll. and 
U.S. Coast GHaffi-{USCGt, March 2001) state~ "The environmental advantages of in situ burning 
outweigh the potential environmental drawbacks of burn residue, including the possible environmental 
harm if the burn residue sinks. Therefore, the on-scene coordinators do not consider the potential impacts 
of burn residue when deciding whether to authorize an in situ burn." As required under 18 AAC 75.445-(h) 
and 18 AAC 75.425(e)(3)(G), Shell will also submit an "RR+-Reqional Response Team In Situ Burn 
Application Form" to the Unified Command (See Section 1.7), which will includes its plans for residue 
collection and disposal. 
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Compared with unemulsified slicks, emulsions are much more difficult to ignite and, once ignited, display 
reduced flame spreading and more sensitivity to wind and wave action. Stable emulsion water contents 
are typically in the 60 fl8ffieAI-to 80 percent range with some up to 90 percent. The oil in the emulsion 
cannot reach a temperature higher than 100 degrees Celsius (OC) until the water is either boiled off or 
removed. The heat from the igniter or from the adjacent burning oil is used first, mostly to boil the water 
rather than heat the oil. 

The following points summarize the effect of water content on the removal efficiency of weathered crude 
emulsions: 

• 	 Little effect on oil removal efficiency (I.e., residue thickness) for water contents up to about 12.5 
percent by volume; 

• 	 A noticeable decrease in burn efficiency with water contents above 12.5 percent, the decrease 
being more pronounced with weathered oils; 

• 	 Zero burn efficiency for emulsion slicks having water contents of 25 percent or more; and 

• 	 Some crudes form meso-stable emulsions that can burn efficiently at much higher water contents; 
Paraffinic crudes appear to fall into this category. 

Fortunately, emulsion formation is slowed dramatically by high ice concentrations and may not be a 
significant operational factor in planning in situ burns on solid ice or naturally contained in higher 
concentrations of broken ice. 

SL Ross et al. (2003) provides guidelines for burning thin slicks in broken ice with brash and slush, 
particularly relevant during the break-up and freeze-up shoulder seasons. General rules for minimum 
ignitable thickness and oil removal rates for burning thin slicks of crude oils on brash and/or slush with 
broken ice are as follows: 

• 	 The minimum ignitable thickness for fresh crude on frazil ice or small brash ice pieces is up to 
double that on open water, or about 1 to 2 mm., 

• 	 The minimum ignitable thickness for evaporated crude oil on frazil ice or small brash ice pieces 
can be higher than on open water, but is still within the range quoted for weathered crude on 
water, about 3 mm with gelled gasoline igniters. 

• 	 For a given spill diameter, the burn rate in calm conditions is about halved on relatively smooth 
frazil/slush ice and halved again on rougher, brash ice. Wave action slightly reduces the burn rate 
on open water, but the halving rule seems to also apply in waves. 

• 	 The residue remaining on broken ice in calm conditions is about 50 percent greater than that on 
open water, or 1.5 mm. The residue remaining on brash or frazil ice in waves is slightly greater 
than in calm conditions, at about 2 mm. 

In summary, in situ burning of oil is efficient and rapid in broken ice conditions under the following 
conditions: 

• 	 The spilled oil is thicker than the minimum required for ignition (a thickness of 2 to 3 milliA'leters 
mm results in 50 to 66 percent removal efficiency: 10-_millimelef--mm thickness, a typical 
thickness for wind-herded slicks on melt ponds on ice, gives 90 percent removal efficiency); 

• 	 Larger areas can be ignited.=--ta 1 ~O-square foot slick on a meltwater pool will burn at 3.5 barrels 
of oil per hour (boph);, a 50-foot diameter, 10-mm thick slick will burn at 300 boph; and a 100-foot 
diameter slick will burn at 1,200 boph); 

• 	 The oil is not more than 25 percent emulsified; and 
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• Herding in a current and enlarging fire diameters can increase burning rates. 

The potential for efficient oil spill response (with or without burning) is strongly tied to the nature and 
amount of ice present. The following section addresses the seasonal ice conditions in Shell's area of 
interest in the Beaufort Sea during the proposed drilling season. 

Seasonal Ice Conditions 

The following general description of the ice environmenl applies to the nearshore and offshore marine 
environments in the Alaskan Beaufort Sea, from shore oul 10 the approximate 100-foot isobath 
representative of Shell's drilling locations. Descriptions cover typical conditions-as--w€ll-as and the 
variability in ice coverage and timing of the seasonal ice cycles. The focus is on a chronology most 
applicable to Shell's exploration program, starting with the first evidence of ice melt and clearing along the 
coast, and ending with the establishment of a stable fast ice cover nearshore and very close pack (9/10 or 
more) offshore in the November/December period. A brief description of the overall morphology and 
dynamics of winter ice conditions offshore is provided for completeness. See Dickins and Oasis (2006), 
Vaudrey (2000), and Atwater (1991) for further details. 

May 

The major river systems (Colville, Kuparuk, Sagavanirktok. and Colville) overflood the nearshore sea ice 
between mid:-May and early June (average last week in May), based on 16 years..Qf analysis presented 
in Atwater (1991). In any given year, the different rivers tend to flood within three to four days of each 
other. The maximum seaward extent of the floodwater reaches the 20-foot isobath between Stump Island 
and Northstar and the 10-foot isobath off Endicott and Niakuk. 

The ice overflood along the coast triggers a rapid progression of local ice decay and break-up, fanning 
out in shallow water east and west from the major river flgeltas and eventually leading to an almost 
continuous open corridor from Harrison Bay to Camden Bay (see' June below). 

Ice concentrations in the offshore area (outside of the fast ice zone) in May are classified as very close 
pack ice of 9 to 9.5/10 (90 to 95 percent ice coverage). Recent analysis for the period 1996-2004 by 
Eicken et al. (2006) shows water depths at the fast ice edge in May off Flaxman Island ranging from 56 
feet to more than 150 feet (averaging 98 feet). At this time, a broad open flaw lead often separates the 
fast ice inshore from the mobile pack ice offshore. This lead is highly variable in width and €gastIWYJ!est 
extent and tends to become much less prevalent towards the end of May, and into June and July. 

June 

June 1 to July 15: Within the overflood zones, previously bottom-fast (grounded) ice in shallow water (less 
than 6:-foot depth) lifts off the seabed and rapidly melts in place. The sea ice over-flood often peaks at 
this time curtailing routine ice road operations. The influx of relatively warm water discharge into the 
inshore lagoons leads to early opening along shore in June, several weeks ahead of break:up offshore. 
First open water appears offshore of the Sagavanirktok and Kuparuk «rivers in the period June 6 to 
June 13 and expands to include the lagoon side of West Dock (PM 1) by June 17 on average. Fast ice 
beyond the overflood zones and outside the Barrier Islands is still intact at this time and often more than 5 
feet thick in the first half of the month. Melt ponds usually cover less than 10 percent of the floating fast 
ice. 

June 15 to July 25: Nearshore lagoon areas between Oliktok and West Dock. and in shallow waters off 
the Sagavanirktok delta. are mostly free of ice, and ice is starting to fracture and open south of the 
Endicott causeway. Further to the east, the initial clearing associated with flooding from the Staines and 
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West Canning Rrivers expands around Brownlow Point to become contiguous with the much larger 
clearing off the Canning Ggelta. This connection generally occurs by late June. 

The fast ice, still intact outside of the Barrier Islands gradually melts but is typically still 4 to 5 feet thick in 
many areas. The soft ice surface at this time is often 25 percent covered by melt-water pools that are 
rapidly deepening and expanding, with visible cracks and fractures. Ice deterioration is accelerated in 
areas where the surface is contaminated with dirt either left from drainage of overflood waters, or 
windblown off the nearby land (Vaudrey 2000). 

Air temperatures at this time of year average 35 ee!jfees-:F and range from 20 to 40 Ele§fees-:F. The 
wind is variable, but blows 60 percent of the time from the e-east and Nenortheast, averaging 10 knots. 

The fast ice can still support heavy equipment and low ground-pressure response vehicles up to the third 
week of June. The ability to achieve continued mobility on deteriorating sea ice with specific equipment is 
illustrated in ACS Technical Manual, Tactic L-7, based on field trials by Coastal Frontiers (2001). 

The offshore area (100:-foot water depth and beyond) still experiences 9/10'" or greater ice concentration 
until the last week of June in most years. 

J!!!y 

July 1: By the beginning of July, the open-water areas,...wl;iefl that originated from the Colville and the 
Kuparuk "'rivers typically join to form a continuous band of open water stretching from the south shore of 
Atigaru Point in Harrison Bay to West Dock (Dickins and Oasis, 2006). By this time, the open water areas, 
which initially formed off the Shaviovik, Kadleroshik, and Sagavanirktok Rrivers further west, have also 
joined to become a continuous coastal pathway of open water. The last nearshore area to clear (one to 
two weeks later) tends to be the coastal section between Point Thomson and Bullen Point (a coastal area 
not directly impacted by river overflood). The fast ice at this time is broken and mobile with drifting thick 
floes of variable concentration out to approximately 5 miles from shore. 

In deeper water (Northstar vicinity or 3D:-foot water depths and beyondL the fast ice is still intact but badly 
deteriorated and vulnerable to break-up and fracturing by wind action. The ice at this time cal") still be 3 to 
4 feet thick with many visible cracks and approximately 40 to 50 percent of the surface covered by 
meltwater pools and holes. 

July 1 to July 7 (Typical): Break-up begins with fracturing and movement in the remaining floating landfast 
ice outside the Barrier Islands. The onset of break-up with fast ice in a severely weakened state is usually 
triggered by a wind event acting on parts of the sheet separated by natural lines of weakness indicated by 
a series of deep melt ponds or old thermal or stress cracks (Vaudrey in Dickins et al. 2000). 

Pack ice concentrations in deeper water offshore (100 feet and vicinity) are typically in the range of 7
8/10Ih

', a 20:-percent reduction from the full winter concentration. 

July B to July 12: Remaining fast ice remnants outside the Barrier Islands, off the Sagavanirktok River 
Ggelta and in Prudhoe Bay, survive as drifting floes in less than 7/101

"' concentration. As the winds shift 
direction, the broken ice fioes and pans move back and forth in belts and patches of varying 
concentrations, all the while melting with a reduction in average floe size. First::-year ice continues to 
deteriorate and break into smaller floes" creating large, highly variable openings in the remaining ice 
cover (Oickins et al. 2000). 

July 15 to July 30: Ice:-free water exists from shore out to Northstar and sites in equivalent water depths 
off the Endicott causeway and further east inio Mikkelsen Bay. Ice invasions in the nearshore areas after 
this date are possible, but unlikely (Vaudrey, 2000). Ice concentrations in deeper water steadily diminish 
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through melting and wave and floe interactions over a period of two to three weeks. Remaining broken ice 
at this time moves back and forth in response to wind shifts, in belts and patches of varying 
concentrations. By the end of July or the first week of August, the study area typically becomes open 
water (defined as less than 1/1Oth ice concentration) out to water depths in the 40: to 65=-foot range. 
Nearshore ice floe diameters rapidly shrink as the remaining fast ice decays and clears, starting out at 
500 to 1,000 feet in the early stages and becoming ice cakes 30 to 40 feet in diameter by the third week 
in July. 

Conditions in deeper water sites in the last half of July are highly variable, ranging from open water in 
unusually mild years (atwo years in ten) to a more typical condition of 7 to 8/10th' thick first:-year ice with 
floe sizes in the medium to big category (300-.!Q-_1.500 feet IG-and 1500.J2...-6500 feet). Periods of 
intermediale concentrations (4 to 6/10th') can occur in mid: to late July. but these conditions tend to be 
short lived. 

August to September 

Offshore, the first half of August typically encompasses the last stages of break-up, with open drift ice 
concentrations ranging from 2 to 6/10th'. Extreme years can see variable patches of close pack ice in high 
concentrations during this period. Floe sizes range from small to medium for the predominantly first-year 
ice (60JQ..,-300 feet IG-and 300-12-_1,500 feet). Multi-year ice is often present in trace amounts (a few 
percent in coverage or much less than 1/1Oth) and rarely occurs in significant concentrations in the 
vicinity of Shell's drilling locations at this time of year (maximum reported 4/1Oth in two of the last ten 
years~~ fSource: Canadian Ice Service charts). Summer multi-year floe sizes tend to be larger than the 
surviving first::-year pack (up to thousands of feet in diameter). 

The nearshore area previously covered in stable ice, the winter fast ice zone, is completely open by the 
beginning of August in most years. Once established, open=-water conditions in the coastal nearshore 
lagoon areas and adjacent to the Barrier Islands (typically in less than 10=-foot water depths) generally 
prevail until freeze-up (see below). For example, there are no reported instances of drift ice entering the 
lagoon areas between Brownlow Point and Bullen Points during the summer months of August or 
September. The median duration of open water in the lagoon areas is 12 weeks, with a variability of up to 
two weeks representing summers better or worse than average in terms of break-up and freeze-up 
(Dickins, 1984). Immediately outside of the Barrier Islands (out to approximately the 50-foot-fl water 
depth). the duration of open water drops by about two weeks, and in some summers can be further 
reduced by several weeks through temporary pack ice invasions. 

In the vicinity of the Shell's drilling locations, the average duration of open water (defined as 1/10th or less 
pack ice) is 7.5 weeks, with the most consistent period of continuous open water beginning mid-August 
and ending with first complete coverage of new ice in deep water in mid: to late October (based on a 
review of historical ice charts from 1997 to 2006). 

Air temperatures average 40 ge§f89&-:F in July and August, dropping to 30 aegfees--:F in September. 
Wind blows from the €--east and Ne-northeast 50 percent of the time, and Wwest and southwesttSW 20 
percent of the time, averaging 13 knots. 

October 

Freeze-up begins along shore in shallow water on October 4~±8 days (Vaudrey, 2000). Ice becomes fast 
for the season with in one week following freeze-up in the nearshore lagoons and at coastal locations 
such as Point Mcintyre 2 and Niakuk. In deeper water north of the Barrier Islands (10 to 50 feet), the first 
continuous sheet forms on average by October 15 (Dickins and Oasis, 2006). By late October, ice 
movements inshore of the 30-foot water depth are infrequent, and the sheet is considered relatively 
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stable. Air temperatures at freeze:-up range from 5...::£ to 15 ee§fBes-:F. Daylight in October is typically 9 
to 10 hours per day (longer if twilight is included). 

Additional time is required for the young fast ice sheet to gain sufficient thickness and stability to be 
judged safe for over-ice operations. Depending on location, the total time from initial freeze-up to being 
able to commence on-ice operations with response equipment ranges on average from 40 to 43 days at 
coastal or nearshore locations such as Niakuk and Endicott, to 55 days at the Northstar Production Island 
(Vaudrey, 2000). 

November to December 

An expanding fast ice zone, increasing in stability as the ice grows, characterizes this period. The young 
floating fast ice sheet outside the Barrier Islands is still vulnerable to break:up by storm events and 
positive surges in water levels until December in extreme years. At the nilas stage (defined as new ice 
less than 10 centimeters Gm-thick) a moderate storm with winds over 20 knots can quickly break_up the 
entire ice sheet. 

For grey and grey-white ice between 4 and 12 inches, there is potential for break:up and/or substantial 
deformation and movement in strong winds over 27 knots. Storms of this severity in October and 
November are uncommon, on the order of two events during a ten-year period (Vaudrey, 2000). 

The risk of substantial ice movements decreases sharply once the ice is greater than 12 inches. Extreme 
cases have been documented where portions of the land-fast ice have experienced substantial 
movement in early winter, but these are considered rare events. Vaudrey (2000) recounts only one year 
in 12 when a 20-inch thick ice sheet (a condition reached by late November in most years) moved 100 to 
200 feet in the vicinity of Northstar. Movements of this magnitude would not result in visible open water, 
with the ice motion being absorbed by ridging and rubble formation . 

During December when the floating fast ice reaches between 1.5 to 3 feet thick, ice motions are reduced 
to a range of 10 to 15 feet, based on measurements in 20 feet of water off the Barrier Islands to the west 
of Prudhoe Bay (Vaudrey, 1996). 

The fast ice edge in early winter expands seaward from an average water depth of 15 feet in October and 
November" to 40 to 45 feet in December~ (Eicken et aI., 2006 based on data at 146 deg W Long~L 

Beyond the fast ice edge and active shear zone, the pack ice can be divided into a highly active, often 
constantly deforming transition zone (seasonal pack) comprised of mostly first-year ice of highly variable 
age and thickness, and a more homogeneous polar pack with predominantly old (multi-year) ice. The 
polar pack edge (50 percent or greater coverage of multi-year ice) occurs in much deeper water well 
north of all of the proposed drilling locations. 

In the early winter period (November to December) the transitional pack ice zone in the vicinity of the 100
foot water depth is comprised almost totally of first:-year ice. No multi-year ice beyond trace amounts 
(much less than 10 percent coverage) was reported in the October to December time frame over the past 
ten years (1997-2006). The early winter pack ice consists of a mix of ice ages, from young ice less than 
12 inches thick to thin first-year ice up to 27 inches. Once the ice begins to raft and rubble in November, 
level ice becomes the exception and much of the ice surface will represent some form of deformation 
process including the active formation of pressure ridges in December. 

Pack ice moves in a meandering, net westerly drift in response to wind and currents. As the winter 
progresses and the pack becomes thicker and more consolidated , there are periods when little or no ice 
movement occurs in deep water. For example, a long-term ice drift record over +-seven seasons shows 
that the monthly incidence of no ice motion typically increases from around 20 percent in November to 
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between 30 and 40 percent in December (Melling and Reidel, 2004). During these periods of static 
offshore ice, the boundary between the fast ice and pack ice zones can become blurred and indistinct. In 
these situations, mapping the boundary becomes a matter of interpreting the significance of a particular 
lead or crack. 

When the pack ice is in its more typical dynamic drift mode, the fast ice boundary is clearly defined by a 
zone of massive shear and compression ridges stretching for hundreds of miles off the Alaskan North 
Co~st. Many of these ridges can be grounded in water depths out to 80 feet with dramatic surface 
elevations up to 50 feet in some cases. The most active shear zone of severe ice deformation tends to be 
fairly narrow and concentrated between about 50 and 70 feet of water with no distinct east/west trends in 
severity (in some years it can extend into greater depths). In some areas a string of known shoals (e.g. 
Stamukhi off Oliktok) act to nucleate islands of grounded ice with dramatic fields of severe ridges and 
rubble (Kovacs, 1976; Reimnitz, 1984). 

Januarv to April 

During the winter period of active ice growth, the fast ice continues to expand seaward reaching beyond 
70 feet of water by February. The maximum fast ice extent occurs during the months of March to May 
when the water depths at the average edge position (off Flaxman Island) reach 100 feet, much deeper 
than the 60 feet boundary often discussed in earlier references (Eicken et ai., 2006). 

During the winter, easl/west oriented leads (shore following) are common within the seasonal pack ice 
zone in water depths from 100 to 150 feet. Many of these leads will have widths ranging from hundreds of 
meters to miles and continue without blockage for long distances. In one study (Dick ins, 1979), over half 
of all satellite images collected in the March to May time period showed distinct leads in this zone, 
becoming more frequent from west to east. Eicken et al. (2006) provides an extensive analysis of lead 
distributions, orientations. and dimensions within the pack ice zone. 

The net mid-winter pack ice drift off the North Slope is to the west. On an hourly basis, pack ice motion 
tends to be episodic and meandering. In general, ice speeds are at a maximum (5 to 7 nm per day) with 
large expanses of young ice offshore in November and December, and decrease as the ice pack thickens 
and becomes more consolidated through January and February. Average pack ice drift speeds reach 
their minimum in March and April with typical values of 1.5 to 2.7 nm per day (Melling and Riedel, 2004). 
Four buoys were deployed by the USCG in the Beaufort nearshore between 1980 and 1985 in the winter 
period with high ice concentrations. Most of the buoy drift tracks of interest fell between 142°W and 
1500 W bjongitude in water depths from 60 to 200 feet. Results are summarized in Dickins (1984). The 
general movement trend and net drift was predominantly to the northwest, but there were also substantial 
periods when the buoys moved in other directions. For 40 to 60 percent of the recorded periods, the ice 
appeared to move without a persistent sense of direction (wallowing, meandering. or static). Vaudrey 
(2000) summarized the available historical ice movement data from a range of sources utilizing satellite 
drifter buoys from 1975 to 1996. Table 3-9 aeJew-shows daily averages .ffe-for longer-term ice 
movements. Short-term ice drift speeds (over periods of 2 to 6 hours) can be significantly higher, in the 
range of 1 to 2 knots using 4 to 5 percent of the wind speed, as a rule of thumb. 
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TABLE 3-9 

EXCEEDANCE PRQBABILITY DISTRIBUTION OF ICE DRIFT SPEEDS 


PERCENT> NET DAILY ICE MOVEMENT RATE (knols) AVERAGE 

SEASON >0.2 >0.4 >0.6 >0.8 >1.0 >1 .5 >2.0 	 SPEED 
(knots) 

0.3Freeze-Up 50.0 17.7 8.1 3.8 1.9 0.4 0.3 

Break-Up 34.0 14.4 6.2 2.8 0.8 0 0 0.2 

Operational Preparedness 

Shell Gil-and its contractor, ASRC ERvirenmelllal-Energy Services (AES), together with Alaska-GieaR 
Seas-tACSt maintain a comprehensive inventory of equipment to initiate and sustain in situ burning 
operations throughout the proposed drilling season. The Shell Beaufort and Chukchi Seas Regional 
Tactics ManuaiAES' Res~eASe-+aeties Man~al and the ACS~ Technical Manual contain specific tactical 
guidelines for the offshore operations with and without ice. Many of these tactics (e.g" Regional Tactics 
OR-1 B, OR-2B. and OR-4B from AES and ACS Tactic R-20 tram P,CS) illustrate ways to intercept oil with 
an open-apex U-boom configuration so that thin or scattered oil slicks can be concentrated for recovery or 
captured downstream of the open-apex for burning within a fire boom. 

Some of the tactics within each manual are specific with guidelines for implementing and sustaining 
burning on open water and in the presence of ice (e.g., AE-S'-Regional Tactic OR-7 and ACS~.-tlactics B
3, B-4, B-5, B-6 and B-7). These tactics are incorporated ill-SBell's BeaHfaR-Sea Re§ienal E"~IGFati9A-Gil 
9isGR8f9e-P...feVeAHGR-aAG-GGAHA§eRGy-P-laAhere by reference-i1eFe, along with shoreline concepts for 
burning nearshore in Section 1.6.12. (Shoreline CleanuPt-ef.ll!~ell-G-plan. 

ACS conducts in situ burn training seven to eight times a year at different North Slope locations. Typical 
courses involve at least an-one hour of classroom instruction and afl-one hour of field exercises involving 
basic combustion theory, guidelines for safe operating procedures, and gelled fuel mixing and Heli-Torch 
deployment. Shell/AES personnel are also instructed on these same guidelines and procedures as they 
relate to the potential use of controlled burning offshore. ACS and AES maintain an inventory of 
specialized response equipment to support a large-scale burn operation as follows: 

TABLE 3-10 

INVENTORY OF IN SITU BURNING EQUIPMENT (ACS AND AES) 


EQUIPMENT 	 . QUANTITY 

ACS 
Fire Boom (20", 30· and 40b skirts) 	 19,000 feet 

Heli·Torch (55 gaL) 	 6 

Heli-Torch (300 gaL) 	 2 

Heli-Torch SureFire gel 	 1,200 lb. 

Air Deployable Igniters 	 >-1,400 

Hali-Torch Batch Mixers (gelled fuel) 	 2 

AES 
HydoFire Boom (500' per system) 	 2 

Cooling Water Pumps and Hoses 	 2 
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In addition, ACS and AES maintain all appropriate logistical support for controlled burning, including 
boom:-tending vessels, helicopters, and vessels to transport and deploy equipment and ignition systems, 
and fire extinguishers. 

Regulatory approval must first be obtained before using in situ burning, depending on whether the 
burning operations will be conducted in federal or state waters. The ACS Technical Manual (Tactics 
QesGApiioo-B-1) contains steps that should be followed in reaching the decision to use in situ burning. As 
part of the approval process the !!Alaska-Regional Response Team Ai'PlisalioA lor In Situ BurniA§ 
Application Form' will be submitted to the Unified Command according to the ARRT Unified Plan for 
Alaska, Appendix, 2, Annex F, In Situ Burning Guidelines for Alaska. An incident-specific burn plan is 
contained within the application. 

Once relevant state and federal approval have been obtained, the following steps are nonmally taken to 
implement the response: 

• 	 Use towed open-apex boom configuration(s). as necessary, to concentrate and release oil 
directly into fire-resistant booms. Conventional boom may be used for this operation. 

• 	 Collect and contain the oil using fire-resistant booms. Re-Iocate the contained oil a safe distance 
from the open-apex configuration and other vessels. 

• 	 In light ice cover (with ice-deflection/management support), collect and contain oil using fire
resistant booms. 

• 	 In higher ice concentrations, locate naturally occurring pools of thick oil. 

• 	 As appropriate, use fire monitors andlor prop-wash to gently direct oil into heavier concentrations 
against ice floes or densely packed ice cakes. Wind may provide such desired herding of oil 
naturally. 

• 	 Ignite the oil using the Heli-Torch or hand-held igniters, following established safety procedures to 
avoid flashback or ignition of any ongoing spill source. 

• 	 Monitor the bum, maintaining constant watch on the fire and smoke plume. Maintain a careful 
assessment of fire boom condition (if used) and other safely hazards and issues as appropriate. 

• 	 Make every effort to recover and dispose of the burn residue. 

Safety procedures and planning in accordance with established guidelines are emphasized throughout 
the training, preparation, and conduct of in situ burning operations. 

In situ burns are monitored to ensure lAat-fire does not spread to any uncontained oil nearby and iAal 
burns are conducted at safe operating distances from all vessels and personnel on location. Personnel 
and equipment used in conducting the operation are kept at safe distances from the spill source (ongoing 
natural gas normally already ignited). The safe working distances from an in situ fire on water depend on 
the size of the fire and the exposure time, and are summarized in Table 3-11. 

TABLE 3-11 

SAFE WORKING DISTANCES FROM THE FIRE 


PERSONNEL MINIMUM'DISTANCE FROM FIRE 
PERSONNEL EXPOSURE TIME (FiRE DIAMETERS) 

Indefinite 	 4 

30 minutes 	 3 

5 minutes 	 2 
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Aerial ignition with gelled fuel from a Heli-Torch. or with other ignition devices. is coordinated, taking into 
account prevailing weather conditions, oil pool size and distribution, and the need for strict adherence to 
established safety practices. 

ACS and AES personnel practice the techniques involved with controlled in situ burning at sea that could 
involve several vessels and aircraft working in close proximity. 

Effectiveness of In Situ Burning in Open Water and in Ice 

The consensus of research on spill response with in situ burning of oil on open water and with ice is that 
burning is an effective technique with removal rates of 85 jlSfSeAl-to 95 percent in most situations (Shell 
et al. 1983;, SL Ross 1983;, SL Ross and DF Dickins 1987,; Allen 1990,; Allen 1991;, Allen and Ferek 
1993,; and Singsaas et al. 1994). A considerable amount of research has demonstrated the success of in 
situ burning in broken ice. The research includes several smaller-scale field and tank tests (SL Ross et al. 
2003;, Shell et al. 1983,; Brown and Goodman 1986,; Buist and Dickins 1987,; Smith and Diaz 1987;, 
Bech et al. 1993,; and Guenette and Wighus 1996) and one large field test (Singsaas et al. 1994). Most of 
the tests involved large volumes of oil placed in a static test field of broken ice resulting in substantial slick 
thicknesses for ignition. Tests in unrestricted ice fields or in moving ice have indicated that the efficacy of 
in situ burning is sensitive to ice concentration and dynamics. and thus. the tendency for the ice floes to 
naturally contain the oil, the thickness (or coverage) of oil in leads between floes, and the presence or 
absence of brash or frazil ice which can absorb the oil. 

The feasibility and efficiency of burning oil from a subsea blowout in the Beaufort Sea will depend in large 
part "!lon the nature of the oil as it surfaces and upon the nature and amount of ice present (if any). 
Studies within Shell have revealed that oil and gas from a subsea blowout (best represented by gas and 
oil flow rate characteristics from nearby reservoirs) could result in the atomization of oil due to turbulence 
from the gas plume. With this type of release. small droplets of oil would rise, along with the expanding 
gas, toward the surface where induced currents would then carry the oil droplets out radially from the 
source. Little, if any, emulsification is expected during the transport of oil toward the surface; however, 
within hours (depending upon the actual oil, wind/sea conditions) emulsification could reach levels that 
would make ignition difficult to impossible. The potential emulsification of the oil, together with the initial 
distribution of the oil droplets are factors that must be considered as one considens the potential use of in 
situ burning for the elimination of oil at or immediately downstream of the blowout. 

The following information addresses the practicality of burning in open water and with varying 
concentrations of ice while recognizing the effects currents (primarily wind-driven) could have "!lon the 
distribution of oil and. therefore. the feasibility of collecting and igniting the oil. 

Open Water with Current 

The initial distribution of the surfacing oil droplets in open water could involve a surface area with a 
diameter of several hundred meters. The outer reaches of this area would involve a relatively small 
percentage of the total blowout release as the largest droplets would surface more quickly near the 
center; and the smallest droplets would rise more slowly, riding with the induced currents to the outer 
regions of the slick. Depending on the current moving over the blowout, the oil droplets could surface into 
a clean (or relatively clear) water surface, where their initial spread would result in slicks that are too thin 
to support combustion (likely on the order of a tenth of a millimeter). Under these conditions (open water 
with current), combustion could effectively consume the free gas surfacing at the blowout; however, the 
relatively thin slicks would not support sustained combustion of the oil (typically requiring a 2 to 3 mm 
layer thickness). Authorization for ignition of the gas cloud directly over the blowout would normally be 
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requested as early as possible to avoid any risk of exposure to personnel on location and any accidental 
ignition that could expose personnel and equipment to fire. 

Burning of the oil in this situation would require containment or deflection with boom to concentrate and 
thicken the oil while it is relatively fresh and unemulsified. Towed open-apex boom configurations could 
be used downstream of the blowout to thicken and release concentrated bands of oil into fire boom being 
towed in a U-configuration. Once such fire booms reach their holding capacity, they could be moved a 
safe distance from the open-apex, where ignition and sustained combustion could be quite successful. 
While burning the contained oil, a second fire boom could be positioned downstream of the open-apex to 
collect oil for a second burn. The elimination of oil at the first boom could easily be completed in time to 
relieve the second collection effort before the fire boom reaches its holding capacity. 

Open Water with Little or No Current 

Should oil and gas be released from the seabed with little or no current, it is likely that authorization would 
have been secured (as in the previous scenario) to ignite the free gas directly over the blowout to avoid 
harmful exposures to personnel and any accidental ignition of the gas plume. WithOut current to sweep 
surfaced oil away from the blowout, there would be an accumulation of oil droplets at the surface allowing 
for the build up and re-coalescence of those droplets into a layer that could support combustion. In this 
case, it is likely that the heat generated by the burning of free gas would be sufficient to ignite vapors from 
the surfacing oil, thereby enlarging the burn area and removing a substantial portion of the blowout. 

In this situation, it would not be necessary to use fire boom or to position personnel and equipment 
anywhere near the surfacing oil. The efficiency of removal by burning, however, could be improved if it 
was safe to deploy fire boom in a U-configuration at and immediately downstream of the surfacing oil and 
gas. The positioning of fire boom in this mode could be carried out safely if there was at least a light wind 
and/or a slight current that could carry the burning oil back into the apex of the U-configuration. Two 
boom-towing boats could be positioned well upstream of the surfacing oil and gas (using longer than 
normal tow lines) at a distance that would preclude any unsafe exposure to heat and smoke from the fire. 
Effective burning could be carried out without personnel, boats" and boom when the surfacing oil is held 
naturally at and near the spill source. In fact, the heated air rising above the blowout would produce a 
thermally-induced wind along the surface working radially in toward the fire. Even a very light breeze of 
this kind could help reduce spreading of the oil and maintain oil thickness for improved combustion. If 
currents less than 1 knot and/or light winds were available to move the burning oil away from the source, 
boom:-tending boats could work at a safe distance from the burning source, and substantially improve the 
efficiency of burn. 

Low-to-Moderate Ice Concentrations (with and without current) 

Even at ice concentrations of a couple of tenths, there could be sufficient ice (depending Hj30n the size 
and distribution of the ice pieces) to reduce the effectiveness of conventional ef-fire booms for the 
collection of oil. If the distribution of ice is such that ice could not be avoided or deflected away from the 
opening of a boom configuration, and ice could therefore accumulate to high concentrations within the 
boom, then boom could not be used effectively. Often, however, low ice concentrations are present as 
discontinuous wind-consolidated strips separated by broad open:--water areas that may allow for the 
limited use of boom to capture oil. In more scattered ice concentrations, responders could access oil at 
low speeds and encounter rates between ice floes. At such low ice concentrations, there are times when 
burning could be conducted with fire boom. 

Should broken ice (from as little as 2 to 3/1 alh
' to as high as 7 to 8/1 alh

' concentration) move into and over 
the blowout, the ice could actually help in a number of ways. The ice would tend to dampen waves, 
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reduce surface spreading radially over the blowout, and promote re-coalescence of the surfacing oil 
droplets in the reduced water surface between ice cakes or floes. Under these conditions, there would be 
an increased potential for the accumulation of oil on water at thicknesses that could support sustained 
combustion. 

As long as the ice concentrations do not become excessive ("'greater than a to 9/101h') and/or the ice 
!§.wme under pressure, there should remain sufficient oil-an-water area to support combustion. AHEIAlso, 
as in the previous open-water scenarios, if water movement over the blowout drops to little or no current, 
the increased accumulation of oil between oil floes would only enhance the overall efficiency of burn. 
Induced radial currents over and adjacent to the blowout may prevent much of the oil from sticking to the 
underside of ice cakes and small floes. Most oil would therefore be exposed for combustion while it is 
fresh and relatively unemulsified. Should the natural floes be large enough to entrap some of the oil 
beneath them and keep the oil from surfacing, efforts could be initiated with icebreakers well upstream of 
the blowout to break such ice into smaller pieces or deflect large floes away from the blowout. Ice 
management is a proven technique that can completely modify the composition of the ice moving over a 
drilling location. For example, the successful 2004 coring program at aaoN saw two icebreakers work to 
maintain the drilishiplR§-vessel on location in high concentrations of 7: to 9=--foot ice. Floes drifting 
towards the drill site were over 3,000 feet in diameter. By the time they arrived, the icebreakers had 
reduced the average ice piece size to between 35 and 43 feet (Keinonen et aI., 2006). In addition to 
managing the floe sizes, oil could be dislodged from the underside of ice (before it becomes encapsulated 
within the ice) using prop-wash from vessels on location. 

Another approach that could enhance combustion with moving ice concentrations involves the use of 
large ice deflection barriers such as a barge with tug assist or a vessel with dynamic positioning. Shell 
has conducted extensive mathematical and ice-tank modeling efforts to show that such large-scale 
deflection of ice appears safe and feasible for the creation of a relatively ice-free surface downstream of 
the deflection operation. Pending the results of full-scale trials with ice, it is likely that moving broken ice 
and early freeze-up ice (new ice, nilas) could be deflected with a barge or vessel positioned side-ways to 
the currenUice flow. Temporary paths of relatively open water several hundred feet wide could be created 
downstream of the deflection system to facilitate the use of conventional containment and recovery tactics 
and/or the use of fire boom in a conventional burn mode. 

High Ice Concentrations and Continuous Layers of New Ice in Early Winter 

The movement of a continuous layer of new ice or very high ice concentrations of ice over a subsea 
blowout could reduce the effective use of in situ burning. There could be a reduction in the air/water 
surface area to accumulate oil and allow for efficient sustained combustion. This could be remedied in 
two ways: one involving the natural processes, and the other involving ice management. Experience has 
shown that large gas accumulations beneath ice will accumUlate and rupture continuous ice layers 
(Dickins and Buist, 1981) during early freeze-up. The ice would likely break up; and move out and away 
from the blowout, rafting and accumulating to create a natural barrier within which buming of the oil and 
free gas could take place. The other remedy involves the use of large ice deflection systems upstream of 
the blowout as described above. Such deflection would provide an opening for burning on ice until 
prevented by excessive ice thickness. If the ice was continuous (even at relatively thin layers of-say 3~ to 
6~ inches) tank test results suggest that it would be necessary to use ice-breakers forward of the 
deflection system. As long as the ice could be broken, and it is not too thick or pressured, it is possible 
that a relatively ice-free path could be opened just forward (or upstream) of the blowout. Oil (even widely 
scattered particles) surfacing within the cleared path downstream of the deflection system would soon be 
trapped within the downstream opening bounded on each side by ice. Even if bounded by broken ice and 

Shell Beaufort Sea Exploration C-Plan 3-34 SepleR=l8e~April 2009, Rev. Ql 
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Executive Summary
 

The Environmental Protection Agency’s (EPA) National Clean Diesel Campaign 
(NCDC) is a comprehensive initiative to reduce pollution from diesel engines 
throughout the country, including vehicles on highways, city streets, construction 
sites, and ports. The NCDC comprises both regulatory programs to address new 
engines and innovative programs to address the millions of diesel engines 
already in use. On the regulatory side, EPA is successfully implementing 
emissions standards for engines in the 2007 Heavy-Duty Highway Engine Rule 
and the Tier 4 Nonroad Rule and developing new emission requirements for 
locomotives and marine diesel engines, including large commercial marine 
engines. On the innovative side, EPA is addressing engines that are already in 
use by promoting a variety of innovative emission reduction strategies such as 
retrofitting, repairing, replacing and repowering engines, reducing idling, and 
switching to cleaner fuels. The innovative programs are accomplished in 
partnership with state and local governments, environmental groups and industry. 

The emissions standards for new engines will reduce both highway and nonroad 
engine emissions by roughly 90%. However, these emission reductions occur 
over a long period of time as new engines are phased into the fleet. Retrofitting 
diesel engines currently in use will allow significant and immediate emission 
reductions from diesel engines that would not otherwise be addressed. 

The purpose of this technical analysis is to evaluate the cost effectiveness of 
retrofitting existing heavy-duty diesel nonroad engines to reduce particulate 
matter (PM) and nitrogen oxides (NOx). (The cost effectiveness of the regulatory 
measures EPA has implemented is addressed by the rulemakings.) Analysts in 
EPA’s Office of Transportation and Air Quality (OTAQ) evaluated the costs and 
emissions benefits of retrofitting nonroad equipment such as 
tractors/loaders/backhoes, excavators, cranes, generator sets, agricultural 
tractors, crawler tractors/dozers and off-highway trucks with diesel oxidation 
catalysts (DOCs) and catalyzed diesel particulate filters (CDPFs), two of the most 
common PM emissions reduction technologies for diesel engines as well as with 
selective catalytic reduction (SCR) systems and engine upgrade kits for NOx 
reduction. 

The methodology used to perform these calculations is the same as those 
outlined in the U.S. EPA Technical Report: Diesel Retrofit Technology: An 
Analysis of the Cost-Effectiveness of Reducing Particulate Matter Emissions from 
Heavy-Duty Diesel Engines Through Retrofits EPA420-S-06-002 March 2006. 

For these nonroad engines, EPA relied primarily on data from the 
NONROAD2005 model to determine the cost-effectiveness of installing DOCs, 
CDPFs, SCR systems, and engine upgrade kits. These data covered factors such 
as hours of operation, vehicle/equipment useful life, emission rates and retrofit 

http://www.epa.gov/cleandiesel/documents/420s06002.pdf
http://www.epa.gov/cleandiesel/documents/420s06002.pdf
http://www.epa.gov/cleandiesel/documents/420s06002.pdf
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technology effectiveness. EPA also consulted with technology and engine 
manufacturers regarding retrofit technology cost effectiveness and applicability. 

EPA calculated that the cost effectiveness for both diesel oxidation catalyst and 
catalyzed diesel particulate filter retrofits ranged from $18,700 to $87,600 per ton 
of PM reduced. In addition, EPA calculated the cost effectiveness for both 
selective catalytic reduction systems and engine upgrade kits ranging from 
$1,900 to $19,000 per ton of NOx reduced. 

The results can be compared to similar estimates for other EPA programs 
targeted at reducing diesel particulate matter. For example, EPA estimates that 
the cost effectiveness of retrofitting school buses and class 6-8b trucks ranges 
from $11,100 to $69,900 per ton of PM reduced. In addition, EPA estimates that 
the cost effectiveness of the Urban Bus Retrofit and Rebuild program is $31,500 
per ton of PM reduced, the 2007 Heavy-Duty Highway diesel emission standards 
is $14,200 per ton, and the Nonroad Tier 4 emission standards is $11,200 per 
ton. 

The results can also be compared to similar estimates for those same programs 
targeted at reducing nitrogen oxides. For example, EPA estimates that the cost 
effectiveness of the 2007 Heavy-Duty Highway emissions standards is $2,100 
per ton of NOx reduced and the Nonroad Tier 4 emission standards is $1,000 per 
ton. 

The findings from this study indicate that retrofits can be a cost effective way to 
reduce air pollution and health impacts associated with diesel emissions. 

ii Attachment 14 
Page 4 of 22























































AEWC ICAS NSB

Table of Contents 

I. INTRODUCTION ...................................................................................................................... 1 

A. NATIONAL CLEAN DIESEL CAMPAIGN ..................................................................... 1 

B. STUDY OBJECTIVE AND METHODS ........................................................................ 2 


II. RETROFIT EFFECTIVENESS FACTORS ............................................................................... 3 

A. EQUIPMENT ACTIVITY ANALYSIS ........................................................................... 3 

B. EQUIPMENT SURVIVAL RATE/SCRAPPAGE ANALYSIS ....................................... 4 

C. EMISSION RATES ANALYSIS ................................................................................... 4 

D. EFFECTIVENESS OF RETROFIT TECHNOLOGIES................................................. 5 


1. Background on Retrofit Technology Verification .............................................. 5 

2. Technology Effectiveness Analysis .................................................................. 5 


E. COSTS ........................................................................................................................ 6 

1. Background ...................................................................................................... 6 

2. Cost Analysis.................................................................................................... 6 

3. Operating Costs ............................................................................................... 7 


F. ESTIMATING LIFETIME EMISSION REDUCTIONS................................................... 7 

1. Background ...................................................................................................... 7 

2. Emission Reduction Analysis ........................................................................... 8 


III. RESULTS ............................................................................................................................... 8 


IV. CONCLUSION........................................................................................................................ 9 


APPENDICES............................................................................................................................. 11 

Appendix A - PM Cost Per Ton Estimates with DOC and CDPF................................................ 11 

Appendix B - NOx Cost Per Ton Estimates with Upgrade Kit and SCR ..................................... 14 


REFERENCES ........................................................................................................................... 17 


iii Attachment 14 
Page 5 of 22



AEWC ICAS NSB

I. INTRODUCTION 

I.A. NATIONAL CLEAN DIESEL 
CAMPAIGN 

The Environmental Protection Agency’s 
(EPA’s) National Clean Diesel Campaign 
(NCDC) is a comprehensive initiative to 
reduce pollution from diesel engines. EPA’s 
Office of Transportation and Air Quality 
(OTAQ) manages the NCDC, which 
comprises both regulatory programs to 
address new engines and innovative 
programs to address the millions of diesel 
engines already in use. 

Particulate matter (PM), one of the primary 
pollutants from diesel exhaust, is associated 
with many different types of respiratory and 
cardiovascular effects, and premature 
mortality. EPA has determined that it is a 
likely human carcinogen. Fine particles 
(smaller than 2.5 micrometers), in particular, 
are a significant health risk as they can 
pass through the nose and throat and cause 
lung damage. People with existing heart or 
lung disease, asthma, or other respiratory 
problems are most sensitive to the health 
effects of fine particles as are children and 
the elderly. Children are more susceptible to 
air pollution than healthy adults because 
their respiratory systems are still developing 
and they have a faster breathing rate. EPA 
expects reductions in air pollution from 
diesel engines to lower the incidence of 
these health effects, as well as contribute to 
reductions in regional haze in our national 
parks and cities, lost work days and 
reduced worker productivity, and other 
environmental and ecological impacts. 

Nitrogen oxides (NOx), the main ingredient 
of forming ground-level ozone, react with 
Volatile Organic Compounds (VOC) in the 
presence of heat and sunlight through 
complex chemical reactions to produce air 
pollution. NOx are emitted largely from 
highway vehicles, nonroad equipment, 
power plants, and other sources of 
combustion. Based on a large number of 

recent studies, EPA has identified several 
key health effects caused when people are 
exposed to levels of ozone found today in 
many areas of the country. Short-term 
exposures (1-3 hours) to high ambient 
ozone concentrations have been linked to 
increased hospital admissions and 
emergency room visits for respiratory 
problems. For example, studies conducted 
in the northeastern U.S. and Canada show 
that ozone air pollution is associated with 
10-20 percent of all of the summertime 
respiratory-related hospital admissions. 
Repeated exposure to ozone can make 
people more susceptible to respiratory 
infection and lung inflammation and can 
aggravate preexisting respiratory diseases, 
such as asthma. Prolonged (6 to 8 hours), 
repeated exposure to ozone can cause 
inflammation of the lung, impairment of lung 
defense mechanisms, and possibly 
irreversible changes in lung structure, which 
over time could lead to premature aging of 
the lungs and/or chronic respiratory 
illnesses such as emphysema and chronic 
bronchitis. 

New regulations from EPA require stringent 
pollution controls on new highway and 
nonroad diesel engines, including engines 
operating in the freight, transit, construction, 
agriculture, and mining sectors. The new 
regulations will also reduce sulfur content in 
diesel fuel by 97 percent. By combining 
tough exhaust standards with cleaner fuel 
requirements, these rules will cut emission 
levels from new engines by over 90 percent. 
The new lower sulfur diesel fuel will 
immediately result in reduced PM 
emissions. New engines sold in the US after 
2007 for highway use (and after 2008 for 
nonroad use) must meet the more stringent 
standards, but the effect of these cleaner 
engines will be achieved over time as the 
existing fleet is gradually replaced. The 
benefits of these new rules will not be fully 
realized until the 2030 time frame. As a 
result EPA is promoting a suite of innovative 
programs to address emissions from the 
existing fleet of diesel vehicles and 

1 
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equipment. 

The NCDC innovative programs are 
designed to address existing diesel vehicles 
and equipment through emission reduction 
strategies that can provide immediate air 
quality and health benefits. These programs 
focus on vehicles and equipment in the 
school bus, construction, port, freight and 
agricultural sectors. The NCDC works with 
partners in state and local government, 
industry, and environmental organizations to 
promote a wide range of measures to 
reduce diesel emissions including 
retrofitting vehicles/equipment with new or 
improved emission control equipment, 
upgrading engines, replacing older engines 
with newer/cleaner engines, and using 
cleaner fuels. Additionally, idle reduction is 
an effective strategy provided within the 
NCDC. Eliminating unnecessary idling can 
save fuel, prolong engine life, and reduce 
emissions. It can also help reduce the noise 
levels associated with construction and 
freight movement. Unnecessary idling 
occurs when trucks wait for extended 
periods of time to load or unload materials 
or supplies, or when equipment is left on 
when it is not being used. Managing 
equipment operations and training workers 
to reduce unnecessary idling is a relatively 
easy way to lower operating costs and help 
reduce the environmental impact. 

I.B. STUDY OBJECTIVE AND METHODS 

Stakeholders - including states that are 
developing their plans to achieve the 
National Ambient Air Quality Standards for 
ozone and fine particles - are searching for 
cost effective ways to reduce emissions 
from existing diesel engines in order to 
improve air quality and protect public health. 
The purpose of this study is to estimate the 
cost effectiveness of retrofit strategies for 
various nonroad applications that reduce 
emissions. 

Retrofit technologies offering PM and/or 
NOx reductions were evaluated for the 

following types of nonroad equipment: 


1) off-highway trucks (250 horsepower (hp)) 

2) tractors/loaders/backhoes (150 hp) 

3) excavators (250 hp) 

4) cranes (250 hp) 

5) generator sets (100 hp) 

6) crawler tractors/dozers (250 hp), and 

7) agricultural tractors (250 hp) 


EPA chose these examples of nonroad 

equipment for three reasons. First, a further 

evaluation of the cost effectiveness of 

retrofit technologies for nonroad equipment 

was needed. Second, data generated from 

EPA’s grant projects provide the most 

recent information for these types of 

equipment. Finally, these nonroad 

equipment exist in large numbers across the 

country, thus ensuring that this cost 

effectiveness analysis will be relevant to a 

wide audience. 


Two most common diesel retrofit 

technologies for PM reductions, diesel 

oxidation catalysts (DOCs) and catalyzed 

diesel particulate filters (CDPFs), were 

evaluated. CDPFs use either passive or 

active regeneration systems to oxidize the 

PM in the filters. In this report, a passive 

filter is analyzed. Also, selective catalytic 

reduction (SCR) systems and engine 

upgrade kits for NOx reductions were 

chosen. An SCR system may be combined 

with a DOC or CDPF for further emissions 

reductions. In this report, an SCR system 

alone is analyzed. 


For this analysis, EPA relied primarily on 

data from the NONROAD20051 model to 

determine the cost-effectiveness of DOCs, 

CDPFs, SCR systems, and engine upgrade 

kits. EPA also consulted additional data 

sources where appropriate. 


Annual equipment usage, equipment useful 

life, engine emission rates2, retrofit 

technology effectiveness, and technology 

costs to calculate the cost-effectiveness of 

these retrofit strategies were analyzed, in 


2 
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terms of $ per ton of PM and/or NOx 
reduced. It is important to note that, in many 
cases, heavy-duty nonroad diesel retrofit 
strategies provide other emission benefits 
such as reductions in hydrocarbons and 
carbon monoxide. This study only evaluates 
the cost-effectiveness of reducing PM from 
DOCs and CDPFs as well as NOx from 
SCR systems and engine upgrade kits. 
The following section will detail our methods 
for calculating the cost-effectiveness of PM 
and NOx reductions from retrofits including 
factors such as equipment activity, survival 
rates, emissions factors, costs of 
technologies, and emissions reductions 
from retrofit technologies. In Section III the 
results are presented and in Section IV the 
summary remarks about the relative cost-
effectiveness of diesel retrofit technology for 
heavy-duty nonroad engines are provided. 

II. RETROFIT EFFECTIVENESS FACTORS 

In order to estimate the relative cost 
effectiveness of various PM and NOx retrofit 
strategies, it is necessary to estimate a 
number of factors, including: 

- equipment activity 
- equipment survival rates 
- emissions rates of equipment 
- effectiveness of DOCs, CDPFs, 

SCR systems and engine upgrade 
kits 

- costs of retrofits 

The following sections II.A - II.F outline our 
methodologies for estimating each of these 
factors. 

II.A. EQUIPMENT ACTIVITY ANALYSIS 

One of the first steps in estimating emission 
reductions from retrofit strategies is to 
develop an estimate of annual equipment 
activity. This requires identifying operating 
hours and engine load for these nonroad 
equipment. This information can then be 
used to estimate annual equipment 
emissions and emission reductions from 

retrofits. 

The methodology for estimating emission 
reductions from nonroad equipment is to 
estimate annual and lifetime activity (use 
patterns). This activity was estimated based 
on data from the technical documentation 
for the NONROAD inventory emissions 
model (see 
www.epa.gov/otaq/nonrdmdl.htm for a 
description of the NONROAD model). 
Nonroad engine activity is expressed in 
terms of hours of operation (annual and 
lifetime) and load factors (average engine 
operating power as a percentage of rated 
engine power). The estimated annual hours 
of operation and typical load factors (LF) are 
listed in Table 1. 

Table 1: Annual Hours of Operation and 
Load Factors 

Equipment Hours LF 

Off-highway Trucks 1,641 0.59 
Tractors/Loaders/ 
Backhoes 1,135 0.21 

Excavators 1,092 0.59 

Cranes 990 0.43 

Generator Sets 338 0.43 
Crawler Tractors/ 
Dozers 936 0.59 
Agricultural Tractors 475 0.59 

Crane carrying timber 

3 
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II.B. EQUIPMENT SURVIVAL 
RATE/SCRAPPAGE ANALYSIS 

The scrappage rate describes the fraction of 
vehicles/equipment (relative to the total 
number originally sold) that are no longer in 
the fleet from one year to the next. This 
factor reflects vehicle/equipment loss 
through accidents, deterioration, and export. 
From a retrofit perspective, scrappage is a 
necessary component of cost effectiveness 
analysis because it dictates how long older 
equipment will stay in service, and hence 
the potential benefit which will accrue from a 
retrofit at a certain point in time. 

The NONROAD model has intrinsic 
scrappage rates built into the model. These 
rates are used to project the distribution of 
nonroad equipment in a population by age. 
The median life from the NONROAD model 
is used to estimate the lifetime of the 
nonroad equipment. This number is the 
number of hours of rated engine operation 
that the median example of a nonroad 
diesel engine is expected to operate. 
Dividing that number by the load factors in 
Table 1 converts the median life from hours 
of operation at rated power to hours of 
operation at typical operating power levels 
(i.e., it converts it to actual hours of 
operation). The median life for a 150 hp 
diesel engine from the NONROAD model is 
4,667 hours at rated power. Dividing this 
number by the load factor of 
tractors/loaders/backhoes in Table 1 (4,667 
hours rated / 0.21) returns a median life at 
typical operating conditions of 22,224 hours. 
Given annual operating hours of 1,135 
hours, the expected lifetime for the median 
150 hp tractors/loaders/backhoes can be 
found as 19.6 years. 

II.C. EMISSION RATES ANALYSIS 

The NONROAD engine model uses 
emission rates for nonroad diesel engines 
based on the emission standards, historic 
engine certification data, and projections of 
in-use deterioration of emissions over the 

lifetime of the engine. Additionally, the 
nonroad model includes a factor to correct 
for observed differences in emissions 
production between in-use operating cycles 
and the steady-state emissions test results. 
The projected in-use emissions rates are 
therefore the product of the expected new 
certification emissions level, the ratio of 
transient emission rates to steady-state 
emission rates, and projected deterioration 
rates over time (i.e., as the equipment ages 
EPA projects emissions will increase). The 
result of this methodology is that new 
(beginning of life) nonroad equipment is 
estimated to have a lower emission rate 
than the same equipment would after a 
period of operation. 

In order to simplify the analysis for PM, the 
adjustment for transient emissions and 
deterioration were combined into a single 
static number of 1.5 (i.e., a 50% increase in 
emissions over the certification levels) 
which roughly approximates the combined 
factors for an off-highway truck in the 
nonroad model for PM reductions. This 
approach may undercount the emissions 
from a typical piece of nonroad equipment 
making it less cost effective when compared 
to the NONROAD model where the 
transient adjustment factor (TAF) ranges 
from 1.23 to 1.97 and the deterioration 
factor varies from 1.0 at 0 hours to 1.473 at 
full useful life. Hence, the NONROAD model 
adjustment would range from 1.2 to 2.9 (1.0 
X 1.23 to 1.473 X 1.97) over the range of 
engines and through the equipment life. 
However, the use of a simplified single 
value of 1.5 is appropriate for this analysis 
since the goal is to estimate a nominal ratio 
of emission reductions and cost. 

However, NOx TAF ranges from 0.95 to 
1.10 and the deterioration factor varies from 
1.0 at 0 hours to 1.024 at full useful life. 
With the limited range in value for each 
factor, a NOx deterioration factor of one and 
the individual TAF were applied for this 
analysis. 

4 
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EPA has developed a retrofit modeling 
function within the National Mobile Inventory 
Model (NMIM) that fully incorporates the 
features of the NONROAD model and will 
allow states and local authorities to more 
accurately estimate the potential for 
emission reductions through retrofits. 

II.D. EFFECTIVENESS OF RETROFIT 
TECHNOLOGIES 

II.D.1. Background on Retrofit Technology 
Verification 

The NCDC innovative programs encourage 
air quality agencies and owners of fleets of 
diesel powered vehicles and equipment to 
implement clean diesel strategies such as 
installing new or enhanced emission control 
technology and using cleaner fuels. To help 
these organizations make informed 
decisions regarding which retrofit 
technologies are appropriate for their fleets 
and what emission reductions can be 
expected, EPA created the Retrofit 
Technology Verification Program. This 
process evaluates the emission reduction 
performance of retrofit technologies, 
including their durability, and identifies 
engine operating criteria and conditions that 
must exist for these technologies to achieve 
those reductions. 

DOC on construction equipment 

Under this program, companies can apply 
for EPA verification of the effectiveness of 
their emission control technology. The 
verification protocol requires the same tests 

as defined by the Code of Federal 
Regulations (CFR) for new engine family 
certification before sale in the U.S. The 
protocol tests the stand-alone engine, and 
then the engine with the emission control 
technology. Both new and aged 
technologies must be tested. The emission 
reduction percentage that EPA verifies will 
reflect the performance of the new and used 
technologies. Once a technology is verified, 
the company receives an official EPA 
verification letter, and the technology is 
listed on EPA’s web site as a verified 
technology. There is no restriction on who 
may apply for verification. To date, EPA has 
verified nearly 30 technologies from 
different emission control technology 
companies. 

The measures that EPA verifies can be very 
general - for example, an emission control 
technology company may receive 
verification for a diesel oxidation catalyst 
(DOC) technology that can reduce 
particulate matter from any uncontrolled or 
Tier 1 nonroad diesel engine by 20 percent -
or the verification can be specific to an 
engine model made over specific model 
years. While retrofit technologies are the 
most common clean diesel strategy verified 
by EPA, there is a wide range of measures 
that can reduce diesel emissions. For 
example, the replacement of older engines 
or equipment may be more beneficial or a 
necessary condition for using retrofit 
technologies. 

II.D.2. Technology Effectiveness Analysis 

EPA’s List of Verified Technologies 
provided the retrofit technology applications 
and emission reduction information for this 
study. The verified PM emission reduction 
figures for DOCs and CDPFs were applied 
for nonroad engines. The NOx emission 
reductions associated with upgrading a Tier 
0 (unregulated) engine to Tier 1 and a Tier 1 
engine to Tier 2 emission levels were 
estimated. Finally, NOx emission reductions 
from SCR systems were also estimated 

5 
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based on existing technical reports. 

However, exhaust temperature 

requirements of SCR systems may limit the 

applicability of this technology in the legacy 

fleet. 


The estimated reduction in PM: 

1) from adding a DOC to a nonroad engine 

and changing to ≤ 500 ppm sulfur fuel is 

20% 

2) from adding a CDPF to a nonroad engine 

and changing to ultra low sulfur diesel 

(ULSD) fuel is 90% 


The estimated reduction in NOx: 

1) from adding an SCR system to a nonroad 

engine is 70% 

2) from adding an engine upgrade kit to a 

Tier 0 (unregulated) engine or to a Tier 1 

nonroad engine is 40% 


One requirement of the verification process 

is that applicants must test their systems 

after they have been installed for a period of 

time. The manufacturer must begin in-use 

testing after they have sold a certain 

number of units of the verified technology. 

EPA must approve the manufacturer’s 

sampling plan to gather units to be tested. 

The manufacturer must test units aged in 

the field to a minimum fraction of the 

designated durability testing period in two 

different phases. Manufacturers are given 

wide latitude in the type of emissions testing 

equipment they use, although test cycles 

are well defined. The manufacturer must 

test at least four units in each phase. 

Individual failures lead to additional testing 

or possible removal from the Verified 

Technology List. This part of the verification 

process is still in its early stage and, as 

such, EPA is just now receiving preliminary 

results from in-use testing from retrofit 

technology manufacturers. As EPA 

receives these additional in-use test results, 

they will be examined to ensure these 

verified technologies are performing 

properly in the field. 


The reduction of other criteria air pollutants 


by retrofit technology should also be 
recognized. A DOC, CDPF, SCR system or 
engine upgrade kit may reduce hydrocarbon 
and carbon monoxide emissions on the 
order of 20 to 90 percent. 

II.E. COSTS 

II.E.1. Background 

Several sources of information are available 
on the current price of retrofit technologies. 
These include a December 2000 survey3 

and an April 2006 report4 by the 
Manufacturers of Emission Controls 
Association (MECA), and current price 
information for grant recipients under the 
NCDC’s funding assistance programs. 
These sources give ranges for CDPF prices 
of $3,000 to $10,000 depending on size, 
expected product sales volumes, and 
configuration (i.e., in-line or muffler 
replacement). Similarly, these sources 
suggest DOCs will range in price from $425 
to $2,000 depending on size, sales volume 
and configuration. These sources also 
suggest SCR systems range from $12,000 
to $20,000. While the high end of the 
ranges is reflective of current prices for PM 
and NOx retrofit technologies applied to 
nonroad equipment, future retrofit costs are 
likely to drop substantially as a result of the 
Heavy-Duty Highway 2007 and the Nonroad 
Tier 4 emission regulations. 

II.E.2. Cost Analysis 

EPA has estimated the production cost for 
DOCs and CDPFs for nonroad engines in 
the Nonroad Tier 4 rule-making.5 The 
analysis in that rule-making was based on 
preliminary data available to EPA regarding 
the actual manufacturing costs for CDPF 
and DOC technologies. 

Based on the Nonroad Tier 4 Regulatory 
Impact Analysis (RIA), the CDPF costs 
ranged from $178 to $6,405 and DOC from 
$105 to $734 depending on the horsepower 
and average engine displacement. 

6 
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However, the Tier 4 RIA did not include the 
costs for additional exhaust tubing, 
datalogging and installation which could add 
another $593 for a CDPF and $280 for a 
DOC as described in the Diesel Retrofit 
Technology report6. Based on the estimates 
from this report, the Nonroad Tier 4 RIA, 
and our current experience with nonroad 
retrofit technology, a nominal average cost 
is estimated. That typical cost is $1,000 per 
DOC and $5,000 per CDPF retrofit 
depending on the horsepower and average 
engine displacement. 

EPA has consulted several sources of 
information regarding cost estimates for 
SCR systems and engine upgrade kits. 
These sources of information provide an 
average cost of selective catalytic reduction 
systems ranging from $10,000 to $20,000 
per system depending on the size of the 
engine, the sales volume, and other factors. 
Given this range and the current cost of 
SCR systems in existing programs, the cost 
is estimated to be approximately $13,000 
per unit. The cost of the nonroad engine 
upgrade kit is estimated to be between 
$2,000 and $4,000 per equipment. For this 
analysis, the average estimated cost is 
$3,000 per equipment. 

Using today’s nominal cost as a future cost 
estimate is very conservative because of 
the greater diversity and smaller retrofit fleet 
sizes typical of nonroad equipment. 
Nonroad retrofits are expected to occur one 
piece of equipment at a time, even in 
relatively high volumes. These projections 
represent the best estimate of the nominal 
cost for retrofitting equipment with diesel 
engines with various displacements. In 
practice, significant variability above and 
below these price estimates is expected due 
to a wide range of other factors which were 
not accounted for in this analysis (e.g., 
retrofit fleet size, profit margin differences, 
etc.). Nevertheless, these estimates 
adequately reflect the nominal cost for 
future PM and NOx retrofit technologies. 

II.E.3. Operating Costs 

Operating costs related to the application of 
the retrofit technologies are not accounted 
for in this analysis. Operating costs could 
include the differential cost for using 15 ppm 
sulfur fuel, fuel economy impacts related to 
increased exhaust backpressure, or 
changes to maintenance practices related 
to the use of retrofit technologies. Any 
premium for 15 ppm sulfur fuel in this 
analysis has not been accounted for 
because 15 ppm sulfur highway diesel fuel 
is now the predominant diesel fuel used in 
highway applications. At the same time 
nonroad engines are changing to fuel with 
less than 500 ppm sulfur and then in 2010 
will change to 15 ppm sulfur diesel fuel. A 
change in fuel consumption related to the 
use of retrofit technology was not accounted 
for in this analysis because current data 
from existing retrofits show no significant 
difference in fuel economy for equipment 
with and without these retrofit technologies. 
In practice, the impact of retrofit 
technologies on fuel consumption is 
strongly related to engine load and therefore 
varies significantly depending upon the 
vehicle/equipment application. 

II.F. ESTIMATING LIFETIME EMISSION 
REDUCTIONS 

II.F.1. Background 

In order to compare the relative cost 
effectiveness (i.e., tons of emissions 
reduced per dollar spent) of retrofit 
programs to other emission control 
programs, it is necessary to estimate the 
lifetime emissions reduction EPA projects 
will occur with retrofit technology. In 
concept, estimating the emission reductions 
is simple and can be viewed as the product 
of the lifetime hours usage, the baseline 
emission rate for the equipment 
(grams/horsepower-hour) and the emission 
reduction potential of the retrofit technology 
(e.g., 90% for CDPFs). In practice, the 
estimate is more complicated since 
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vehicle/equipment scrappage, variations in 
hour usage as the equipment ages, and the 
relative value of emission reductions 
realized in the current year versus a future 
time must be accounted for. Furthermore, 
estimates of the lifetime emission reductions 
for retrofit technologies must address the 
age of the vehicle/equipment when the 
retrofit is installed (i.e., retrofitting a one 
year old piece of equipment would be 
expected to result in a larger emission 
reduction compared to a ten-year-old 
equipment). These factors in our analysis 
for the nominal case were accounted for, 
but it should be recognized that factors such 
as annual hour usage can vary significantly 
between different types of equipment. 

II.F.2. Emission Reduction Analysis 

To obtain emission reductions, the annual 
and lifetime emissions for every piece of 
nonroad equipment were first calculated. To 
calculate annual emissions for nonroad 
equipment, the TAF adjusted emission rates 
on Tables 2 - 11 in Appendices A and B 
were used to multiply horsepower and 
annual usage. These annual figures can 
then be brought back to a net present value 
at a defined discount rate (3 percent) to give 
a discounted lifetime emissions. This result 
is shown in the fourth column of Tables 2 -
11. The lifetime emissions are the baseline 
emissions which are then used to multiply 
the reduction rate of each retrofit technology 
to obtain lifetime emission reductions. 
Because equipment retrofitted at different 
ages will have different lifetime emission 
reductions, estimates were made for 
retrofits for various model years as if the 
equipment were retrofitted in calendar year 
2007. Hence, a 2006 model year equipment 
retrofitted in model year 2007 would be one 
year old, and a 2001 model year equipment 
retrofitted in model year 2007 would be six 
years old. Tables 2 - 11 organize the 
equipment of different ages by column 
designating both the model year of the 
retrofitted equipment (e.g., 2001) and the 
age of the equipment when retrofitted in 

2007 (e.g., 6 years old). Engine upgrade 
kits are used to upgrade Tier 0 
(unregulated) engines to Tier 1 emission 
levels and Tier 1 to Tier 2. The 
implementation of Tier 3 standards 
generally starts on model year 2006 for a 
250 horsepower (hp) nonroad engine and 
2007 for 100 and 150 hp nonroad engines 
with phase-in schedules. Therefore, the 
analysis begins with model year 2006 as 
described in Tables 2 - 11. Those lifetime 
emission reductions calculated in this paper 
in the previous section along with the cost 
of each retrofit technology are used to 
obtain the cost per ton as shown in the fifth 
and sixth columns of Tables 2 - 11. 

III. RESULTS 

Tables 12 and 13 summarize the range of 
cost effectiveness figures estimated for the 
selected retrofit cases in this paper. As 
noted previously, these estimates represent 
a nominal projection of the future cost per 
ton of emission reduction. These cost 
effectiveness estimates have not factored in 
the co-benefits from reducing other 
pollutants such as hydrocarbons. The cost 
effectiveness of retrofit programs can vary 
significantly depending on a number of 
factors, including actual annual average 
activity (i.e., annual operating hours for 
nonroad). 

The results summarized in Table 12 can be 
compared to similar estimates for other EPA 
programs targeted at reducing diesel 
particulate matter. For example, the cost-
effectiveness of DOC and CDPF retrofits for 
school bus and Class 6-8b trucks range 
from approximately $11,000 to $69,900 
published in the Diesel Retrofit Technology 
report in March 2006.6 In addition, retrofits 
of diesel engines can be as cost-effective 
as recent EPA rule-makings to address 
diesel particulate matter, such as the 2007 
Heavy-Duty Highway emissions standards 
and the Nonroad Tier 4 emissions 
standards which EPA estimates will cost 
$14,200 per ton of PM reduced and $11,200 
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per ton of PM reduced, respectively. 

Table 12. Summary of Cost Effectiveness 
for Various Diesel PM Retrofit Scenarios 

Equipment Retrofit 
Technology 

Range of $/ton PM 
Emission Reduced 

Off-
highway 
Trucks 

DOC $21,700 $78,800 

CDPF $24,200 $87,600 

Tractors/ 
Loaders/ 
Backhoes 

DOC $25,900 $49,900 

CDPF $28,800 $55,400 

Excavators 
DOC $22,300 $61,900 

CDPF $24,800 $68,800 

Cranes 
DOC $20,900 $60,000 

CDPF $23,300 $66,700 

Generator 
Sets 

DOC $18,700 $46,100 

CDPF $20,800 $51,300 

Table 13. Summary of Cost Effectiveness 
for Various Diesel NOx Retrofit Scenarios 

Equipment Retrofit 
Technology 

Range of $/ton NOx 
Emission Reduced 

Tractors/ 
Loaders/ 
Backhoes 

Upgrade 
Kit $2,600 $4,900 

SCR $6,500 $12,100 

Excavators 

Upgrade 
Kit $2,300 $6,600 

SCR $5,800 $16,400 
Crawler 
Tractors/ 
Dozers 

Upgrade 
Kit $2,200 $6,600 

SCR $5,600 $16,500 

Cranes 
Upgrade 

Kit $2,100 $6,100 

SCR $5,100 $15,100 

Agricultural 
Tractors 

Upgrade 
Kit $1,900 $7,700 

SCR $4,700 $19,000 

The results summarized in Table 13 can 
also be compared to similar estimates for 
other EPA programs targeted at reducing 
diesel nitrogen oxides. For instance, the 
cost effectiveness of the 2007 Heavy-Duty 
Highway emissions standards is $2,100 per 
ton of NOx reduced and the Nonroad Tier 4 
emission standards is $1,000 per ton. 

The results summarized in Tables 12 and 
13 above and given in more detail in Tables 
2 - 6 and 7-11, respectively, are 
characterized by increasing cost per ton of 
emission reduction for the retrofit of older 
equipment in comparison to newer 
equipment. This characteristic is to be 
expected as older equipment will have a 
shorter remaining lifetime and hence lower 
remaining emissions to be reduced prior to 
equipment scrappage. In some cases, the 
cost per ton of emission reductions 
decreases with older equipment because of 
older equipment’s relatively high emissions 
level. That is, retrofitting an emission control 
technology on an older engine that, due to 
historically more lenient emissions 
standards has higher emissions, may lead 
to a larger emission reduction for the same 
retrofit cost. This benefit from retrofitting 
older dirtier equipment is offset by the 
shorter remaining life of the older 
equipment. 

IV. CONCLUSION 

This analysis demonstrates that diesel 
retrofit strategies can be a cost effective 
way to reduce air pollution. The 
cost-effectiveness of DOC and CDPF 
retrofits for nonroad equipment were 
calculated ranging from approximately 
$18,700 to $87,600 per ton of PM reduced. 
The cost-effectiveness of SCR systems and 
engine upgrade kits for nonroad equipment 
were calculated ranging from approximately 
$1,900 to $19,000 per ton of NOx reduced. 
These estimates depend on a number of 
factors such as equipment activity, survival 
rates, emissions rates, effectiveness of 
DOCs, CDPFs, SCR systems and engine 
upgrade kits, and their costs. 

It is important to note that, while the cost 
effectiveness estimates were based on 
robust and recent data sources, there is a 
significant amount of variability in both the 
costs and the emission reductions from 
retrofit technologies in the field. Also, the 
analysis adequately represents the cost 
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effectiveness of DOC, CDPF, SCR system, 
and engine upgrade kit retrofits for nonroad 
equipment, but the cost-effectiveness of 
retrofits for specific engines and equipment 
fleets may differ in certain situations. 

EPA has developed a module as part of the 
National Mobile Inventory Model (NMIM) 
that will allow users to predict the impact of 
retrofitting their particular fleets. This new 
module is able to generate national, 
county-level, or fleet-specific mobile source 
emissions inventories and then use these 
inventories to estimate emission reductions 
from retrofit technologies. 

Contact: 
Kuang Wei 
Office of Transportation and Air Quality 
U.S. Environmental Protection Agency 
E-mail: wei.kuang@epa.gov 
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Appendix A 

PM Cost Per Ton Estimates with DOC and CDPF    


Table 2. Tractors/Loaders/Backhoes PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 0.270 0.150 $33,400 $37,100 

2 2005 0.270 0.144 $34,800 $38,700 

3 2004 0.270 0.137 $36,400 $40,500 

4 2003 0.270 0.131 $38,200 $42,500 

5 2002 0.420 0.193 $25,900 $28,800 

6 2001 0.420 0.182 $27,400 $30,500 

7 2000 0.420 0.171 $29,200 $32,500 

8 1999 0.420 0.160 $31,300 $34,800 

9 1998 0.420 0.148 $33,800 $37,500 

10 1997 0.420 0.136 $36,800 $40,900 

11 1996 0.603 0.177 $28,200 $31,300 

12 1995 0.603 0.159 $31,500 $35,000 

13 1994 0.603 0.140 $35,700 $39,700 

14 1993 0.603 0.120 $41,500 $46,200 

15 1992 0.603 0.100 $49,900 $55,400 

Table 3. Generator Sets PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 
1 2006 0.360 0.116 $43,300 $48,100 
2 2005 0.360 0.113 $44,200 $49,100 
3 2004 0.360 0.111 $45,100 $50,100 
4 2003 0.360 0.108 $46,100 $51,300 
5 2002 0.705 0.207 $24,100 $26,800 
6 2001 0.705 0.202 $24,700 $27,500 
7 2000 0.705 0.197 $25,400 $28,200 
8 1999 0.705 0.192 $26,100 $29,000 
9 1998 0.705 0.186 $26,900 $29,800 

10 1997 0.705 0.180 $27,700 $30,800 
11 1996 1.080 0.267 $18,700 $20,800 
12 1995 1.080 0.258 $19,400 $21,500 
13 1994 1.080 0.249 $20,100 $22,300 
14 1993 1.080 0.239 $20,900 $23,300 
15 1992 1.080 0.229 $21,900 $24,300 
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Table 4. Cranes PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 
1 2006 0.225 0.224 $22,300 $24,800 
2 2005 0.197 0.180 $27,900 $30,900 
3 2004 0.197 0.162 $30,900 $34,300 
4 2003 0.197 0.143 $34,900 $38,700 
5 2002 0.378 0.239 $20,900 $23,300 
6 2001 0.378 0.202 $24,800 $27,600 
7 2000 0.378 0.163 $30,600 $34,000 
8 1999 0.378 0.124 $40,400 $44,800 
9 1998 0.378 0.083 $60,000 $66,700 

Note: The median life for a 250 hp crane from the NONROAD model is 4,667 hours at rated 
power. Dividing this number by the 0.43 load factor of crane (4,667 hours rated / 0.43) returns a 
median life at typical operating conditions of 10,853 hours. Given annual operating hours of 990 
hours, the expected lifetime for the median 250 hp crane can be found as 10.9 years. While this 
represents the expected median operating life, it should be recognized that significant variation 
about this median can be expected in practice with many pieces of nonroad equipment being 
used for periods well in excess of 10.9 years. 

Table 5. Excavators PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 0.225 0.224 $22,300 $24,800 

2 2005 0.197 0.168 $29,800 $33,100 

3 2004 0.197 0.138 $36,300 $40,400 

4 2003 0.197 0.107 $46,900 $52,100 

5 2002 0.378 0.143 $34,800 $38,700 

6 2001 0.378 0.081 $61,900 $68,800 

Note: The median life for a 250 hp excavator from the NONROAD model is 4,667 hours at rated 
power. Dividing this number by the 0.59 load factor of excavator (4,667 hours rated / 0.59) 
returns a median life at typical operating conditions of 7,910 hours. Given annual operating 
hours of 1,092 hours, the expected lifetime for the median 250 hp excavator can be found as 
7.2 years. While this represents the expected median operating life, it should be recognized that 
significant variation about this median can be expected in practice with many pieces of nonroad 
equipment being used for periods well in excess of 7.2 years. 
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Table 6. Off-highway Trucks PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 0.225 0.225 $22,200 $24,700 
2 2005 0.197 0.179 $28,000 $31,100 
3 2004 0.197 0.160 $31,300 $34,800 
4 2003 0.197 0.140 $35,700 $39,600 
5 2002 0.378 0.230 $21,700 $24,200 
6 2001 0.378 0.190 $26,300 $29,200 
7 2000 0.378 0.149 $33,500 $37,300 

8 1999 0.378 0.107 $46,800 $52,000 
9 1998 0.378 0.063 $78,800 $87,600 

Note: The median life for a 250 hp off-highway truck from the NONROAD model is 4,667 hours 
at rated power. Dividing this number by the 0.59 load factor of off-highway trucks (4,667 hours 
rated / 0.59) returns a median life at typical operating conditions of 7,910 hours. The NONROAD 
model estimates operating hours of 1,641 hours for off-highway trucks. However, based on 
program experience with the in-use fleet today, a conservative estimate of 760 hours was used. 
Therefore, the expected lifetime for the truck can be found as 10.4 years. While this represents 
the expected median operating life, it should be recognized that significant variation about this 
median can be expected in practice with many pieces of nonroad equipment being used for 
periods well in excess of 10.4 years. 
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Appendix B 

NOx Cost Per Ton Estimates with Upgrade Kit and SCR 


Table 7. Tractors/Loaders/Backhoes NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 4.510 2.502 $3,000 $7,400 

2 2005 4.510 2.399 $3,100 $7,700 

3 2004 4.510 2.293 $3,300 $8,100 

4 2003 4.510 2.185 $3,400 $8,500 

5 2002 6.215 2.856 $2,600 $6,500 

6 2001 6.215 2.697 $2,800 $6,900 

7 2000 6.215 2.533 $3,000 $7,300 

8 1999 6.215 2.365 $3,200 $7,900 

9 1998 6.215 2.191 $3,400 $8,500 

10 1997 6.215 2.012 $3,700 $9,200 

11 1996 9.218 2.710 $2,800 $6,900 

12 1995 9.218 2.429 $3,100 $7,600 

13 1994 9.218 2.139 $3,500 $8,700 

14 1993 9.218 1.840 $4,100 $10,100 

15 1992 9.218 1.532 $4,900 $12,100 

Table 8. Agricultural Tractors NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.600 2.477 $3,000 $7,500 

2 2005 3.800 3.436 $2,200 $5,400 

3 2004 3.800 3.246 $2,300 $5,700 

4 2003 3.800 3.050 $2,500 $6,100 

5 2002 5.301 3.973 $1,900 $4,700 

6 2001 5.301 3.683 $2,000 $5,000 

7 2000 5.301 3.385 $2,200 $5,500 

8 1999 5.301 3.077 $2,400 $6,000 

9 1998 5.301 2.760 $2,700 $6,700 

10 1997 5.301 2.434 $3,100 $7,600 

11 1996 5.301 2.098 $3,600 $8,900 

12 1995 7.961 2.631 $2,900 $7,100 

13 1994 7.961 2.096 $3,600 $8,900 

14 1993 7.961 1.544 $4,900 $12,000 

15 1992 7.961 0.976 $7,700 $19,000 
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Table 9. Excavators NOx Cost per Ton Estimates with Upgrade Kit and SCR  

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.600 2.605 $2,900 $7,200 

2 2005 3.800 3.226 $2,300 $5,800 

3 2004 3.800 2.649 $2,800 $7,000 

4 2003 3.800 2.054 $3,700 $9,000 

5 2002 5.301 2.011 $3,700 $9,200 

6 2001 5.301 1.131 $6,600 $16,400 

Note: The median life for a 250 hp excavator from the NONROAD model is 4,667 hours 
at rated power. Dividing this number by the 0.59 load factor of excavator (4,667 hours 
rated / 0.59) returns a median life at typical operating conditions of 7,910 hours. Given 
annual operating hours of 1,092 hours, the expected lifetime for the median 250 hp 
excavator can be found as 7.2 years. While this represents the expected median 
operating life, it should be recognized that significant variation about this median can be 
expected in practice with many pieces of nonroad equipment being used for periods well 
in excess of 7.2 years. 

Table 10. Crawler Tractors/Dozers NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.600 2.605 $2,900 $7,100 

2 2005 3.800 3.344 $2,200 $5,600 

3 2004 3.800 2.866 $2,600 $6,500 

4 2003 3.800 2.374 $3,200 $7,800 

5 2002 5.301 2.606 $2,900 $7,100 

6 2001 5.301 1.878 $4,000 $9,900 

7 2000 5.301 1.128 $6,600 $16,500 

Note: The median life for a 250 hp crawler tractor from the NONROAD model is 4,667 
hours at rated power. Dividing this number by the 0.59 load factor of crawler tractor 
(4,667 hours rated / 0.59) returns a median life at typical operating conditions of 7,910 
hours. Given annual operating hours of 936 hours, the expected lifetime for the median 
250 hp crawler can be found as 8.5 years. While this represents the expected median 
operating life, it should be recognized that significant variation about this median can be 
expected in practice with many pieces of nonroad equipment being used for periods well 
in excess of 8.5 years. 
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Table 11. Cranes NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.500 2.492 $3,000 $7,500 

2 2005 4.000 3.637 $2,100 $5,100 

3 2004 4.000 3.278 $2,300 $5,700 

4 2003 4.000 2.907 $2,600 $6,400 

5 2002 5.580 3.523 $2,100 $5,300 

6 2001 5.580 2.975 $2,500 $6,200 

7 2000 5.580 2.410 $3,100 $7,700 

8 1999 5.580 1.828 $4,100 $10,200 

9 1998 5.580 1.229 $6,100 $15,100 

Note: The median life for a 250 hp crane from the NONROAD model is 4,667 hours at 
rated power. Dividing this number by the 0.43 load factor of crane (4,667 hours rated / 
0.43) returns a median life at typical operating conditions of 10,853 hours. Given annual 
operating hours of 990 hours, the expected lifetime for the median 250 hp crane can be 
found as 10.9 years. While this represents the expected median operating life, it should 
be recognized that significant variation about this median can be expected in practice 
with many pieces of nonroad equipment being used for periods well in excess of 10.9 
years. 
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Last updated on Thursday, January 7th, 2010. 
National Clean Diesel Campaign
You are here: EPA Home Transportation and Air Quality Partnerships National Clean Diesel 
Campaign Emerging Technology List 

The following table lists information showing the potential 
capabilities of emissions reduction for emerging technologies. 
The table shows the projected percent reduction that EPA will recognize for emission reductions 
for each technology based on the information and data provided by the manufacturer. The 
percent reduction is subject to change after completing testing for verification. Actual emissions 
reductions will be a function of the individual applications. 

The Emerging Technology list is intended to provide guidance in selecting a 
technology for the Clean Diesel Emerging Technologies Program’s Request You will need Adobe 

for Proposals. A technology may reside on the Emerging Technology List for Reader to view some 
of the files on this 

one year from the effective date. During that year, the manufacturer will page. See EPA's PDF 
seek full verification. The verification process officially evaluates the page to learn more. 
emission performance of the technology. Once verified, EPA will list the 
official performance data and associated information on the National Clean Diesel Campaign’s 
Verified Technology List. Please refer to the selection criteria below for more details. 

Eligible entities interested in applying for funds under the Clean Diesel Emerging Technologies 
Program should consult with the manufacturer of the emerging technology about preparing the 
grant application (Retrofit Technologies Contacts). 

Manufacturer Technology Application 
Reductions (%) 

PM CO NOx HC 
Effective 

Date 

Advanced 
Cleanup 
Technologies, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(4 pp, 130K, 
December 2009) 

Advanced 
Maritime 
Emissions 
Control System 
(AMECS) 

Ocean going vessels at 
berth when either vessel or 
berth have no capability to 
provide shore power 

70 30 70 70 December 
8, 2009 

Caterpillar, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 190K, July 
2008) 
Extension 
Letter (PDF) 
(2 pp, 110K, May 
2009) 
Extension 
Letter (PDF) 

3500 Marine 
EUG – Kit 1: 
Marine Emissions 
Upgrade Group 

3500 Marine 
EUG – Kit 2: 
Marine Emissions 
Upgrade Group 

3500 Marine 
EUG – Kit 3: 

Caterpillar 3500 mechanic 
unit injector (MUI) and 
electronic unit injector 
(EUI) marine engines with 
rated power greater than 
750 horsepower originally 
manufactured between 
1984 and 2008 model 
years, not certified to EPA 
or California Air Resources 
Board (CARB) emission 
standards. 

25 

25 

25 

N/A 

N/A 

N/A 

N/A 

21 -
29 

41 -
49 

N/A 

N/A 

N/A 

July 10, 
2008 
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Manufacturer Technology Application 
Reductions (%) Effective 

Date PM CO NOx HC 

(1 pg, 50K, June 
2009) 

Marine Emissions 
Upgrade Group 

Caterpillar, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 116K, 
December 2009) 

Caterpillar 
Locomotive SCR: 
urea based 
selective 
catalytic 
reduction (SCR) 
system and 
diesel oxidation 
catalyst (DOC) 

Caterpillar 3516, 3005 HP 
diesel engines certified to 
Tier 2 standards and used 
in PR30 line-haul 
locomotive applications. 

25 N/A 65 70 December 
2, 2009 

Engine 
Control 
Systems 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 150K, 
March 2009) 

TermiNOx D: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system 

On-highway, 4-stroke, EGR 
or non-EGR, heavy heavy-
and medium heavy-duty 
diesel engines originally 
manufactured from 1998 
through 2006 and originally 
certified without a catalyst. 

25 85 65 85 March 27, 
2009 

EcoPower 
Hybrid 
Systems Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 850K, 
December 2009) 

EcoCrane Hybrid 
System 

Non-road Rubber Tired 
Gantry Crane with Tier 0, 
Tier 1, or Tier 2 Engine 
Generator Sets; 225 kW to 
620 kW 

25  0  30  0  December 
8, 2009 

ESW Canada 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 1.5M, 
October 2008) 
Extension 
Letter (PDF) 
(1 pg, 130K, 
October 2009) 

XtrmCat™ DOC 
Kit: diesel 
oxidation catalyst 
(DOC) and closed 
crankcase 
ventilation (CCV) 
system 

Marine, 2-stroke, Tier 0 and 
Tier 1, turbocharged EMD 
645E3-E7 and 710GT 
models originally equipped 
with crankcase emissions 
vented into the exhaust, 
equipped with a crankcase 
pressure monitoring 
system, for 2006 or earlier 
model years 

25  70  0  25  October 
6, 2008 

Johnson 
Matthey 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 160K, April 
2009) 

SCCRT: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system and 
diesel particulate 
filter 

On-highway, 4-cycle, EGR 
and non-EGR, 250-500 hp 
heavy-duty diesel engines, 
originally manufactured for 
model years 2002 through 
2006 

90 85 65 95 April 9, 
2009 

Johnson 
Matthey 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 210K, July 
2008) 

SCRT-1000: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system and 
diesel particulate 
filter 

On-highway, 4-cycle, 
250-500 hp heavy-duty 
diesel engines, originally 
manufactured for model 
years 1994 through 2002 

90 85 65 95 July 10, 
2008 
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Manufacturer Technology Application 
Reductions (%) Effective 

Date PM CO NOx HC 

Extension 
Letter (PDF) 
(1 pg, 60K, July 
2009) 

Krystallon, 
Plc 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 810K, 
December 2009) 

PM Seawater 
Scrubber 

Marine vessels with diesel 
engines and a combined 
total power not to exceed 
2500 horsepower 

50 0 0 50 December 
8, 2009 

Miratech 
Corporation 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 870K, 
December 2009) 

V-CAT™ DOC 
Kit: diesel 
oxidation catalyst 
(DOC) manifold 
system 

Marine, 2-stroke, Tier 0, 
Tier 1, and Tier 2 
turbocharged and roots 
blown EMD 567, 645, and 
710 models 

25  70  0  50  December 
8, 2009 

Nett 
Technologies, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 200K, July 
2008) 
Extension 
Letter (PDF) 
(4 pp, 220K, 
March 2009) 
Extension 
Letter (PDF) 
(1 pg, 40K, July 
2009) 

BlueMAX: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system 

Nonroad, 4-cycle, non-EGR 
diesel engines in the 
75–130 kW, 130–225 kW, 
and 225–450 kW power 
ranges, originally 
manufactured between 
1996 and 2008 and 
originally certified without a 
catalyst to EPA Tier 1, 2, or 
3 standards. 

20 60 65 60 July 10, 
2008 

Nett 
Technologies, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 150K, 
March 2009) 

BlueMAX 200: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system 

On-highway, 4-stroke, 
non-EGR, heavy heavy-duty 
diesel engines originally 
manufactured from 1994 
through 2006 and originally 
certified without a catalyst. 

25 60 65 60 March 26, 
2009 

Tinnerman/ 
Shadowood 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 200K, 
October 2008) 
Application 
Update Letter 

TEC 2010 
system: 
reformer, lean 
NOx trap, 
selective 
catalytic 
reduction 
system, and 
active diesel 
particulate filter 

On-highway, Navistar and 
International Truck and 
Engine Corporation DT-466 
models and Cummins 
Engine Company ISB 
models, medium 
heavy-duty diesel engines, 
originally equipped with or 
without catalysts and with 
or without EGR, for model 

90 90 65 90 October 
1, 2008 
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Reductions (%) Effective Manufacturer Technology Application Date PM CO NOx HC 

(PDF) 
(1 pg, 200K, 
September 2009) 
Extension 
Letter (PDF) 
(1 pg, 140K, 
October 2009) 

Truck 
Emission 
Control 
Technologies 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 1.6M, 
October 2008) 
Extension 
Letter (PDF) 
(1 pg, 140K, 
October 2009) 

CAT 3126 PM & 
NOx Reduction 
System: diesel 
oxidation catalyst 
(DOC), diesel 
particulate 
converter, 
exhaust gas 
recirculation 
system, thermal 
stabilizer and 
moisture & 
particulate 
separator 

years 2004 through 2006 

On-highway Caterpillar 
3126 model engines from 
model years 1998 to 2003 
for engine families 
WCPXH0442HRK, 
XCPXH0442HRK, 
XCPXH0442HSK, 

50 70 40 60 October 
6, 2008 

YCPXH0442HRK, 
1CPXH0442HRK, 
2CPXH0442HRK and 
3CPXH0442HBX 

Selection Criteria 

The following outlines the selection criteria used for technologies included on EPA’s National
 
Clean Diesel Campaign’s Emerging Technologies List:
 

A technology may reside on the Emerging Technology List for one year. 

If a technology is fully verified within the first year, the technology will be added to the EPA 
Verified Technology List. 

If, after the first year, the technology has not been verified, EPA will review the status of the 
technology and determine whether the technology is eligible to remain on the Emerging 
Technology List. 

Once a technology is selected for use in an Emerging Technology project, that technology 
may be used for the entire project period, even if the technology has been fully verified by 
EPA. 

Should EPA determine an Emerging Technology was misrepresented in the application, 
performance was not fully described, or concerns for safety and/or public health exist, EPA 
may remove a technology from the Emerging Technology List, revise operating criteria, or 
impose other restrictions for use in Emerging Technology grant programs. 

Should a technology be removed from the Emerging Technology List without receiving 
verification status, that technology is no longer eligible for use on any Clean Diesel grant 
program. 
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www.sae.org 

2/17/2010 2:27 PM 

SAE Home > Publications > Papers 

NOx Reduction Potential of 
V-SCR Catalyst in 
SCR/DOC/DPF Configuration 
Targeting Euro VI Limits 
from High Engine NOx 
Levels 

Document Number: 2009-01-0626 

Date Published: April 2009 

Author(s): 
Ioannis P. Gekas - Haldor Topsoe A/S 

Abstract: 
To reach the EPA `10 and Euro VI strict 
regulations of PM and NOx for heavy duty 
trucks it will be necessary to apply 
integrated catalytic solutions for removal of 
both PM and NOx. The described system 
consists of an alternative catalytic 
configuration where the SCR catalyst is 
placed downstream of the diesel engine 
followed by diesel injection over an 
oxidation catalyst (DOC) and a catalysed 
diesel particulate filter (cDPF). One of the 
advantages of this system configuration is 
that the SCR catalyst in this way is 
protected from high temperatures during 
filter regeneration and that the SCR 
catalyst has the fastest heat up required for 
good performance in cold test cycles. The 
SCR catalyst can therefore be of a 
standard V-based type that is already 
proven technology for Euro IV and Euro V 
compliance in Europe. Another advantage 
is that the DOC and cDPF act as clean-up 
catalysts for any possible ammonia slip 
from the SCR catalyst. The system was 
tested on an engine test bed using a Euro II 
12-l truck engine having high engine-out 
NOx emissions in order to demonstrate the 
NOx reducing potential of this system 
configuration. Experiments were performed 
with transient cycles and various urea 
dosing strategies. It was shown that Euro 
VI NOx emission limits could be achieved 
over the SCR catalyst on the ETC cycle 
with NOx emissions being reduced from 10 
g/kWh down to below 0.4 g/kWh, the SCR 
catalyst thus achieving >95% NOx 
conversion. 

File Size: 1326K 

Members Receive 20% Discount at Checkout on Items 
Under $500 
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Download 
(Protected by 
DRM Security) 

$16.00 $12.80 Add to Cart 

Mail $16.00 $12.80 Add to Cart 

Fax $30.00 $24.00 Add to Cart 
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DRM Security 

Learn more about the Digital Rights Management Security 
available on all downloaded pdf documents. 
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NOx Reduction Potential of V-SCR Catalyst in SCR/DOC/DPF Configura... http://www.sae.org/technical/papers/2009-01-0626 

2/17/2010 2:27 PM 

Product Status: In Stock 

Included in: SP-2254 

See other papers presented at SAE World 
Congress & Exhibition, April 2009, Detroit, 
MI, USA, Session: Diesel Exhaust Emission 
Control - System Integration and Durability 
(Part 1 of 2) 

Purchase more technical papers and save! 
With TechSelect, you decide what SAE 
Technical Papers you need, when you need 
them, and how much you want to pay. 
Learn more > 

©2010 SAE International. All rights reserved. 
Copyright | Intellectual Property Policy | Our Privacy Policy | Technical Feedback | Help 
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http://www.sae.org/technical/papers/2005-01-1857 

www.sae.org 

2/17/2010 2:28 PM 

SAE Home > Publications > Papers 

A NOx Reduction Solution 
for Retrofit Applications: A 
Simple Urea SCR 
Technology 

Document Number: 2005-01-1857 

Date Published: April 2005 

Author(s): 
Hamid B. Servati - Servotech Engineering
 
Inc.
 
Sorin Petreanu - Servotech Engineering
 
Inc.
 
Steven Edward Marshall - Servotech
 
Engineering Inc.
 
Hong Su - Servotech Engineering Inc. 
Richard Marshall - Servotech Engineering 
Inc. 
C-H. Wu - Ford Motor Co. 
K. Hughes - Ford Motor Co. 
L. Simons - KleenAir Systems Inc. 
L. Berrimann - KleenAir Systems Inc. 
J. Zabsky - KleenAir Systems Inc. 
T. Gomulka - Tenneco Inc. 
F. Rinaldi - Tenneco Inc. 
M. Tynan - City of Dearborn 
J. Salem - City of Dearborn 
J. Joyner - City of Dearborn 

Abstract: 
This paper presents the development and 
performance of a Selective Catalytic 
Reduction (SCR) aftertreatment system 
designed for diesel retrofit applications. It 
has been proven that Urea SCR represents 
a convenient and very efficient solution for 
NO\dx reduction that can be used for 
stationary and mobile powerplants with 
NO\dx reduction efficiencies that can 
exceed 95%. The cooperative efforts 
between ServoTech Engineering, Ford 
Motor Company, KleenAir Systems, 
Tenneco, and the City of Dearborn have 
led to the development of a simple 
aftertreatment system for NO\dx reduction. 
This system consists of a catalyzed diesel 
particulate filter (CDPF), a SCR catalyst 
system, and a diesel oxidation catalyst. As 
part of the system, an effective and 
compact air-assisted dosing unit developed 
by ServoTech Engineering in collaboration 
with Ford Motor Company was used for 
effective urea delivery and atomization. 

Members Receive 20% Discount at Checkout on Items 
Under $500 

Delivery Method 
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Price 
Member Price Add to Cart 

Download 
(Protected by 
DRM Security) 

$16.00 $12.80 Add to Cart 

Mail $16.00 $12.80 Add to Cart 
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The system utilizes an open-loop predictive 
controller that dictates the amount of urea 
to be injected, with exhaust gas 
temperature the only sensor input used. 
The system controller requires no 
communication with the engine CAN bus, 
and this, combined with the straightforward 
packaging of the dosing unit, makes the 
entire system suitable for a wide range of 
diesel-powered retrofit applications. A 
series of chassis dynamometer FTP, 
US06, and UDDS tests were conducted on 
a Ford F550 City of Dearborn dump truck 
in an attempt to evaluate the system 
performance as accurately as possible. 
Since the system does not incorporate a 
NO\dx sensor, the system was calibrated 
to provide the maximum NO\dx reduction 
efficiency while avoiding any ammonia slip. 

The test results proved the NO\dx 
reduction effectiveness of the 
aftertreatment system, with an overall 
NO\dx reduction around 70%. 

File Size: 1081K 
Product Status: In Stock 

Included in: SP-1942 

See other papers presented at SAE 2005 
World Congress & Exhibition, April 2005, 
Detroit, MI, USA, Session: Diesel Exhaust 
Emission Control - SCR 

Purchase more technical papers and save! 
With TechSelect, you decide what SAE 
Technical Papers you need, when you 
need them, and how much you want to 
pay. Learn more > 

http://www.sae.org/technical/papers/2005-01-1857 

©2010 SAE International. All rights reserved. 
Copyright | Intellectual Property Policy | Our Privacy Policy | Technical Feedback | Help 
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TeamTec
f' MARINE PRODUCTS 

TEAMTEC INCINERATORS 
Market leaders since 1972 - More than 6 000 units sold 

Type GSSOOC 
One of the most effective marine incinerators on the market today - primarily for 
sludge. Fully automatic sludge burning eliminates the need for attendance. 
Batch feeding of solid waste. 

Solid WQste and sludge can be burned simultaneously. 
Capacity: Max. 735 000 kcallh (850 kW) 

• High temperature incinerator 
• 	 Automatic control 
• 	 High capacity 
• 	 Sturdy construction 
• 	 Easy installation 
• 	 Disassembled retrofit-version* 

* small components ~ no welding. 

• 	 Extremely low diesel consumption 
• 	 Simple reliable operation 
• 	 No filters {strainers in sludge system 
• 	 Low maintenance cost 
• 	 PLC controller minimizes fuel 

consumption and maximizes capacity 
utilization 
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DUAL TANK SYSTEM 
SLUDGE 
SETTLING 
TANK 

SLUDCiE1___ r. SER~ltE 
I ~ lANK 

F--"I------"i --F---4 I 
~ 1 

I 

~j"; 
--- 

L:;TeamTec
V MARINE PRODUCTS 

TeamTec GS500C - Optional equipment 
(Jist not complete) 

Sludge and diesel oil tanks 

Diesel oil booster pump 

Sludge tank level indicator 

in operator display 

Flue gas stack components 

Sluice for continuous feeding 
of solid waste 
Mechanical solid waste feeder 

Main dimensions 

Version for solid waste only 
(separate brochure) 
Corner mounted against 
bulkheads possible 
Skid mounted 
Containerized incinerating 
plants 
Project-versions 

Technical data: 

Power supply: 
Capacity: 
Corresponding to: 
Sol id waste: 
Temperature in 
Combustion chamber: 
Surface temperature; 
Flue gas temperature: 
Flue gas back pressure: 
Negative pressure in 
Combustion chamber: 
Max. rated el. power: 

Total weight 
Dimensions (L ill. W)( H nun): 
Footprint (L)( W mm): 

Iii] 

D 
iI 

Certified by all major classification societies incl. USCG according to 
IMO MEPC 76(40). 

Recommended Ship's Incinerator Installation 

id 
! 

Inlulatlon 
firebrlckl 

Combustion 
air Inlets 

440Vl60Hz or 380Vl50Hz (other options available) 

max. 735 000 kcallh (850 kW) 

max. 95 I/h sludge oil (IMO defined sludge) 

400 I/load 


max. I 2OO"C 

IS "c above ambient temp. 

350 'C 

max. 150 mm W.e. 


from 10 to 3S mm W.e. 

approx. 27 kW 


approx. 4 450 kg 

2300x I 902 x 1994 

2000xlOOO 


TeamTecAS 
P.O. Box 203, N-4902 Tvedestrand, Norway 


Tal. +47 37 19 98 00. Fax +47 37 19 98 90. Web: www.teamtec.no.E·mall:officeCii!leamtec.no 
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Tanya Sanerib To Natasha Greaves/R10/USEPA/US@EPA, Nancy 
<tanya@crag.org> Helm/R10/USEPA/US@EPA, R10OCSAirPermits@EPA, 

03/22/2010 06:24 PM 
Please respond to 

cc 
Jonathan Jemming <Jonathan.Jemming@north-slope.org>, 

tanya@crag.org bcc 

Subject	 AEWC, ICAS, and NSB Attachment 19. Shell Beaufort OCS 
PSD Permit 3/22/2010 

AEWC, ICAS, and NSB Attachment 19. Shell Beaufort OCS PSD Permit 3/22/2010 

This attachment is identical to the Attachment 19 submitted by mail in
support of AEWC, ICAS and NSB's comments on the Chukchi Air Permit.  
These organizations hereby incorporate that copy of Attachment 19 
provided on CD by reference herein and ask that it be included in the
Record for the Beaufort air permit as well. 

Tanya Sanerib
Crag Law Center
917 SW Oak St. 
Suite 417 
Portland, OR 97205
(503) 525.2722
Fax (503) 296.5454
tanya@crag.org 
www.crag.org 

Crag is a client-focused law center supporting community efforts to  protect
and sustain the Pacific Northwest's natural legacy. 

http:www.crag.org
mailto:tanya@crag.org
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Office of Transportation EPA420-F-06-040 
and Air Quality May 2006 

Regulatory
Announcement 

EPA Finalizes Alternative Low-Sulfur 
Diesel Fuel Transition Program for 
Alaska 

The U.S. Environmental Protection Agency (EPA) is modifying the diesel 
fuel regulations to apply an effective date of June 1, 2010, for the15 ppm 
sulfur requirements for highway, nonroad, locomotive and marine diesel 
fuel produced or imported for, distributed to, or used in the rural areas of 
Alaska. This final rule allows implementation of the nationwide programs 
for highway and nonroad diesel fuels in Alaska to be consistent with an 
alternative transition program requested by the State. 

Standards/Regulations
This rule will finalize the following: 
•	 Rural areas (those areas not served by the Federal Aid Highway Sys

tem) of Alaska will begin transitioning all highway, nonroad, locomo 
tive, and marine diesel fuel to 15 ppm sulfur content diesel fuel 
beginning June 1, 2010. 

•	 15 ppm sulfur content diesel fuel must be in retail facilities in the 
rural areas by December 1, 2010. 

•	 All diesel fuel in Alaska remains exempt from the dyeing require
ments in the highway and nonroad final rules. 

•	 Fuel distributors in urban Alaska will be given the same transition 
schedule as distributors in the rest of the country for highway diesel 
fuel. 
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Benefits of EPA’s Technical Amendments 
•	 Until 2010, rural areas of Alaska will be able to use uncontrolled sul

fur content diesel for all uses; and thus will not face the unnecessary 
burden of trying to carry multiple grades of fuel. 

•	 All areas of Alaska, including both urban and rural, will begin transi
tioning both highway and NRLM diesel fuel to 15 ppm sulfur content 
diesel fuel at the same time: June 1, 2010. 

•	 Rural Alaska will begin transitioning locomotive and marine diesel 
fuel to 15 ppm sulfur content fuel beginning June 1, 2010, which 
is two years earlier than the nonroad diesel final rulemaking re
quires. 

Background
In January 2001 and in June 2004, EPA finalized the Highway Diesel and 
Nonroad Diesel Rules, respectively, which will implement more stringent 
standards for new diesel engines and fuels. The rules mandate the use of 
lower sulfur fuels in diesel engines beginning in 2006 for highway diesel 
fuel, and 2007 for nonroad diesel fuel. These fuels will enable the use 
of aftertreatment technologies for new diesel engines, which can reduce 
harmful emissions by 90 percent or more. Aftertreatment technologies 
will start phasing into the diesel sector beginning in 2007 for highway 
and 2011 for nonroad. These programs will yield enormous long-term 
benefits for public health and the environment. 

Because Alaska has unique geographical, meteorological, air quality, 
and economic characteristics, EPA granted temporary exemptions for 
the urban areas of the State (those served by the Federal Aid Highway 
System) from both the 500 ppm highway diesel fuel sulfur and the non-
highway dye standards, and a permanent exemption for the remaining 
State-defined rural areas, beginning in 1993. During the development 
of the Highway Diesel and Nonroad Diesel rules, EPA worked with the 
State of Alaska and regulated entities throughout the state to ensure that 
the unique characteristics of Alaska were taken into account. In general, 
the State of Alaska requested that the urban areas of Alaska adhere to the 
federal fuel sulfur standards and implementation schedule. However, the 
State requested alternative implementation schedules for the rural areas 
(those not served by the Federal Aid Highway System) of Alaska. 

During the development of the Nonroad Diesel rule, the State requested: 
1) that June 1, 2010, be the deadline for conversion to highway diesel 
fuel in rural Alaska; 2) that June 1, 2010, be the deadline for conversion 
of all nonroad, locomotive, and marine (NRLM) diesel fuel to 15 ppm 
sulfur content in rural Alaska; and 3) that the 15 ppm standard applicable 
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to locomotive and marine diesel fuel produced in, imported into, and dis
tributed or used within rural Alaska be moved up to June 1, 2010 (from 
the June 2012 nationwide date in the final Nonroad Diesel rule. 

Rural Alaska is unique in that its fuel storage and distribution systems 
are not capable of handling more than one grade of fuel, and there will 
not be many vehicles (if any) in rural areas that will require the use of 15 
ppm sulfur diesel fuel. There was concern that, under the final Nonroad 
Diesel rule, rural Alaska would have essentially been forced to either 
carry two grades of fuel or begin using 15 ppm sulfur content diesel fuel 
for all uses well before it is required. 

In October 2005, EPA published a notice of proposed rulemaking, which 
proposed provisions to meet the State’s three requests for rural Alaska. 
With its current rulemaking, EPA is finalizing those provisions. As such, 
the rural areas of Alaska will be allowed to transition all highway, non-
road, locomotive, and marine diesel fuel to 15 ppm starting June 1, 2010. 
This will ensure that the rural areas of Alaska will have ultra-low sulfur 
diesel fuel (ULSD), and it will streamline the transition process by al
lowing all of the fuel to transition to ULSD at the same time. 

In addition, the State commented that the current language of the high
way diesel fuel regulations as applied to the urban areas of Alaska did 
not meet the intent of the final highway diesel rule. The current wording 
essentially requires that all parties downstream of the refinery in urban 
Alaska would have to transition to a 500 ppm standard by June 1 since 
they are currently exempted from the 500 ppm standard and are at a 
higher sulfur level. This intent was that fuel distributors in urban Alaska 
would have the same transition schedule as distributors in the rest of the 
country. In its comments, the State requested that we apply the nation
wide distributor transition dates for highway diesel fuel to distributors in 
urban Alaska. To be consistent with the intent of the highway diesel final 
rule, this rule will also finalize such provisions. 

Public Participation Opportunities
We do not anticipate adverse comments on this rule nor do we currently 
plan to hold a hearing, as these provisions are minor. In addition, we 
worked with parties in the State of Alaska during the development of 
the rule. The provisions in this rule will not adversely affect regulated 
entities or the environment; they will merely assist parties throughout 
the fuel refining and distribution system in Alaska in complying with the 
highway and nonroad diesel regulations. 

3
	

Attachment 20 
Page 3 of 4



 

 
 
 

 
 

 
 
  
 

  
 
 
  
 

 
 
    
 

 

AEWC ICAS NSB

For More Information 
You can access this Final Rule and related documents on EPA’s Office of 
Transportation and Air Quality Web site at: 

www.epa.gov/otaq/regs/fuels/diesel/diesel.htm 

Additional information on the Highway Diesel and Nonroad Diesel Rules 
is available at the following Web sites: 
•	 Highway Diesel Rule 

Web site: www.epa.gov/otaq/diesel.htm 
Preamble: www.epa.gov/otaq/regs/hd2007/frm/frdslpre.pdf 
Regulations: www.epa.gov/otaq/regs/hd2007/frm/frdslreg.pdf 

•	 Nonroad Diesel Rule 
Web site: www.epa.gov/nonroad-diesel/2004fr.htm 
Preamble and Regulations: www.epa.gov/otaq/url-fr/fr29jn04.pdf 

•	 July 2005 Technical Amendment to the Highway and Nonroad 
Diesel Rules (published July 15, 2005) 

Web site: www.epa.gov/otaq/regs/fuels/diesel/diesel.htm#amend 
Preamble & Regulations: 
http://a257.g.akamaitech.net/7/257/2422/01jan20051800/edocket. 
access.gpo.gov/2005/pdf/05-13781.pdf 

•	 November 2005 Technical Amendment to the Highway and Non-
road Diesel Rules (published November 22, 2005) 

Web site: www.epa.gov/otaq regs/fuels/diesel/diesel.htm#dfr-con 
current 
Preamble & Regulations: 
http://a257.g.akamaitech.net/7/257/2422/01jan20051800/edocket. 
access.gpo.gov/2005/pdf/05-22807.pdf 

•	 May 2006 Technical Amendment to the Highway and Nonroad 
Diesel Rules (signed April 20, 2006; published May 1, 2006) 

Web site: www.epa.gov/otaq regs/fuels/diesel/diesel.htm#nonroad 
Preamble & Regulations: 
http://frwebgate.access.gpo.gov/cgi-bin/getpage. 
cgi?dbname=2006_register&page=25716&position=all 

•	 Additional compliance help on diesel regulations 
www.epa.gov/cleandiesel/comphelp.htm 
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May 11,2007 

Natasha Greaves & Dan Meyer 
EPA Region 10 
Office of Air, Waste and Toxics (AWT-107) 
1200 Sixth Avenue 
Seattle, WA 98101 

Jeff Walker 
Regional Supervisor 
Minerals Management Service 
Alaska Regional Director 
380 I Center Point Drive, Suite 500 
Anchorage 99503-5823 

Ben A. Greene, PhD 
Oil, ·Gas and Energy Projects Manager 
Alaska Coastal Management Program 
Office of Project Management and Permitting 
Alaska Department ofNatural Resources 
550 West 7th Avenue, Suite 705 
Anchorage, AK 99501-3559 

Gary Mendivil 
ACMP Coordinator 
Office of the Commissioner 
Alaska Department of Environmental Conservation 
410 Willoughby Avenue 
Suite 303 
Juneau Alaska 99801 

Tom Chapple 
Air Quality Director 
Alaska Department of Environmental Conservation 
555 Cordova Street 
Anchorage, Alaska 99508 

Running Grass 
EPA Region 10 
Office of Environmental Justice 
1200 Sixth Avenue 
Seattle, W A 9810 I 

Re: 	 Shell Offshore Inc. OCS Air Quality Comments 
2007-2009 Exploration Plan for an OCS Operation in the Beaufort Sea 
30 CFR Part 250 (Minerals Management Service) 

40 CFR Part 55 (Environmental Protection Agency) 

11 AAC 110, 11 AAC 112, and 18 AAC 50 (State ofAlaska) 


Dear Ms. Greaves, Mr. Meyer, Mr. Mendivil, Mr. Walker, Mr. Chapple, Dr. Greene and Mr. 
Grass, 

The North Slope Borough (NSB) provides the following comments on the Shell Offshore Inc. 
(Shell) OCS Air Permit Applications that were submitted to the Environmental Protection 
Agency on December 29, 2006, and supplemented on March 26, 2007, for the Beaufort Sea 2007
2009 OCS Exploration Drilling Program for the Shell Kulluk and Frontier Discoverer drilling 
units. 
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While EPA has issued the Shell Offshore Air Pennit application for public comment, requesting 
input on compliance with EPA's regulations for OCS air emission sources under EPA's 
regulations at 40 CFR 55, the NSB is also providing comments on the air pennit to MMS and 
ADEC to address compliance with MMS's federal regulations at 30 CFR Part 250, and the State 
of Alaska's regulations at II AAC 112, II AAC 110, and 18 AAC 50 for OCS air emission 
sources. EPA and MMS both have an obligation to meet the 1994 Executive Order 12898 on 
Environmental Justice. These comments have been submitted to EPA and MMS to address the 
NSB's Environmental Justice concerns as well. 

All four agencies that have regulations that apply to the review and approval of OCS air 
pollution. Each agency is responsibility for specific actions. The NSB has provided its comments, 
to all four agencies, because there is a need for a coordinated effort for this air pennit review. The 
NSB has found a number of areas in which one agency assumes that another is addressing their 
requirements, or interpreting their regulations correctly, but they are not. The NSB requests a 
coordinated review take place, and each agency ensure that their statutory and regulatory 
obligations are met on this project. 

Summary ofNSB's Comments 

Overall, the NSB finds that Shell's air pennit application does not meet EPA's, MMS's or 
ADEC's OCS air emission regulations, nor does it meet the obligations of the Clean Air Act. 
The NSB's key concerns are summarized in the list below, followed by a more detailed 
explanation. 

1. 	 MMS, ADEC and EPA did not hold a meaningful public process to obtain input from 

residents to meet their Environmental Justice, tribal, government-to-government and 

Coastal Zone Management Act obligations. 


2. 	 The pennit application is based on scant data and models which have not been validated 
under arctic conditions, with no monitoring data whatsoever in the area of concern. 

3. 	 The lack of site specific monitoring and meterologic data requires state and federal 
agencies to use conservative assumptions in permitting this project to ensure human health 
and the environment are protected; however, conservative assumptions have not been used 
introducing risk and concern. A conservative and regulatory sound approach would be to 
pennit this project as a major source of air pollution, adhering to the rigors ofthe Clean Air 
Act. 

4. 	 The operations proposed by Shell will produce substantial air pollution, close to population 
centers such as Kaktovik, Nuiqsut and Barrow, and within very commonly used subsistence 
corridors. Air pollution in the Arctic is much more significant than in a more temperate 
region. The arctic region is subject to extreme atmospheric inversions, which results in the 
pollution being trapped in a mixing layer only a few feet above the surface. The health 
impact is thus likely to be much more substantial in the Beaufort Sea even at much lower 
levels of pollution than urban areas. 

5. 	 Shell's definition of an OCS source is not consistent with the Clean Air Act. The OCS 
source is the drill ship, not the drill site. Nothing in the Clean Air Act (CAA) defines an 
OCS source as a single exploration well site. 

6. 	 Nothing in state or federal law defmes an OCS source as a drill site. 
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7. 	 Shell has applied for a minor source air permit for each and every drill site they plan to 
explore over the next three years (2007-2009), to avoid the rigors ofobtaining a major 
source air permit for each drilling ship. Shell should be applying for a major source air 
permit for each OCS source (drill ship). 

8. 	 Shell's exploration operations meet the definition ofmajor source ofair pollution under 40 
CFR 55.2, which defines an OCS source as any equipment, activity, or facility which (I) 
emits or has the potential to emit any air pollutant, (2) is regulated or authorized under the 
OCS Lands Act, and (3) is located on the OCS or in or on waters above the OCS. 

9. 	 All of Shell's proposed operations meet the defmition of a major source of air pollution 
because they are located on one or more of their contiguous or adjacent OCS leases, are 
under the control of the same company, and fall under the same Standard Industrial Code. 

10. Shell proposes to avoid major source review to avoid baseline air quality monitoring data 
collection. The lack ofbaseline data collection adversely impacts the air pollution modeling 
results. 

11. 	Shell proposes to avoid major source permitting to avoid the requirement to review and 
install the best available air pollution control technology on its OCS air pollution sources. 
This circumvents the fundamental goal of the Clean Air Act, which is pollution prevention. 

12. Although seeking to avoid a "major source" designation may be expeditious for Shell from 
a business perspective, it is a flagrant and grievous violation of the principles of 
environmental justice. Given the already distressing increases and alarmingly high rates of 
pulmonary disease and cancer, our population warrants a particularly cautious regulatory 
approach to prevent further incremental degradation ofour health. 

13. Alaska State regulations for portable oil and gas operations were developed to permit land 
based oil and gas drilling rigs mounted on wheels to be driven from one well site to another 
on the North Slope. Nothing in the background for developing the portable oil and gas 
operations contemplated applying these regulations to drill ships or major OCS sources of 
air pollution. 

14. 	EPA's public notice states that Alaska Regulations at 18 AAC 50.502(c)(2) require OCS 
sources to obtain a minor permit from EPA before commencing operation. Nothing in 18 
AAC 50.502(c)(2) address an OCS drill ship or specifically states that an OCS drill ship is 
required to obtain a minor source permit. 

15. 	EPA's January 12,2007 EPA Guidance Memo directs air permitting authorities to begin 
their analysis by evaluating whether each individual surface site qualified as a separate 
stationary source. In Shell's case, each individual surface site does not qualify as a separate 
source, because the OCS source is the drill ship. 

16. 	EPA's January 12,2007 EPA Guidance Memo directs air permitting authorities to use a 
major source determination for oil and gas operations that (1) reasonably carries out the 
purposes of PSD, (2) approximates a common sense notion of a plant, and (3) avoids 
aggregating pollutant -emitting activities that as a groups would not fit in the ordinary 
meaning of building, structure, facility, or installation. 

17. Shell should revise its air permit applications to include all of the drill ship emissions (and 
associated support vessels and equipment) into a single major source permit application to 
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reasonably carry out the purposes ofPSD, and ensure best available pollution control 
equipment is installed when operating in the Beaufort Sea. 

18. 	A drill site does not approximate a common sense notion of a plant. A plant is the 
combustion source, which is the drill ship. A drill site itself is not a "plant;" it is a location. 

19. 	The emissions from a drill ship fit in the ordinary meaning of structure, facility, or 
installation. A drill site does not. A drill site is a location on a lease. A drill site is not a 
structure; it is not a facility; it is not an installation. 

20. There are a number of areas in which one agency assumes that another is addressing the 
requirements or interpreting the regulations correctly, but they are not. A coordinated 
review should be carried out so that each agency is accountable for assuring regulatory 
compliance. 

21. MMS' air pollution control regulations at 30 CFR 250 are not equivalent to EPA's 
regulation at 40 CFR 55. MMS has not demonstrated that the requirements of30 CFR 250 
have been met. 

22. 	EPA's regulations at 40 CFR 55 do not relieve MMS of its obligation to address air 
pollution under 30 CFR 250. 

23. 	MMS' regulations at 30 CFR 250.218(a)(l) require Shell's Exploration Plan to include the: 
projected peak hourly emissions; total anoual emissions in tons per year; emissions over the 
duration of the proposed exploration activities; frequency and duration of emissions; and 
total of all emissions. This information is not found in the EPA air permit, nor has MMS 
evaluated it during the NEPA review, or during approval of Shell's Exploration Plan. 

24. 	MMS' federal regulations 30 CFR 250 still exist and apply to OCS sources in the Beaufort 
Sea. MMS' regulations at 30 CFR 250.218 were not repealed when the EPA issued OCS 
regulations at 40 CFR 55. 

25. Nothing in federal or state air pollution law or regulation establishes a 500 meter distance 
for aggregating or not aggregating pollution from OCS sources. The EPA's proposed use of 
500 meters in determining whether air pollution must be aggregated for the purpose of 
major. source classification is arbitrary and capricious. The Clean Air Act defines an OCS 
source as a drill ship and all other OCS support activities within a 25 mile radius. EPA can 
not redefine Congressional intent through a single permitting action. 

26. Shell asserts in its permit applications at Section 3.2 that ADEC has no direct authority 
over the review and approval of the Shell project and its air permit. This is incorrect. 

27. Shell's proposed project does not meet the requirements of 11 AAC 110 and 112, because 
it does not comply with all federal and state air quality laws and regulations. 

28. 	In 1993, the Kulluk was determined to be a major OCS source, under the EPA's PSD 
regulations and MMS'OCS exploration approvals. ARCO was the operator of the Kulluk, 
and was required to complete a comprehensive major source air permit application, ambient 
air quality modeling assessment, BACT evaluation and human health impact assessment. 

29. In 1993, ARCO estimated 120 days of Kulluk operation, along with its support vessels, 
would produce over 2,300 tons ofNO, and over 260 tons of Carbon Monoxide (CO) Both 
pollutants exceeded the 250 ton PSD permit threshold for a major source. Surprisingly, 
Shell estimates the Kulluk drill ship emissions at 245 tons ofNO, and over 82 tons of 
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Carbon Monoxide (CO). It is not reasonable for one operator, ARCO to be required to 
pennit the Kulluk as a major source ofair pollution in 1993, and later to pennit the Kulluk 
as a minor source of air pollution for a very similar Exploration Plan in 2007. 

30. The scope of Shell's air pennit approval and application is not clear. Site specific data is 
missing for most years, and it is unclear if Shell is requesting a three (3) or five (5) year 
penni!. 

31. There are a number of deficiencies in Shell's emission inventory which are listed below: 

• 	 Shell's emission inventory does not meet MMS' regulations at 30 CFR 250, because it 
does not include the total emissions over the duration of the proposed exploration 
activities, examine the impacts of small particulate matter, or does it examine particulate 
emissions at 2.5 microns or less (PM 2.5). 

o 	 It is not clear if Shell is proposing to conduct well tests flow back oil or flare gas. 

• 	 The emission inventory does not address sources of emission that vent directly to 

atmosphere. 


• 	 Shell has not included the emissions from a potential relief well. 

• 	 It is unreasonable to issue a pennit for 59 days ofoperation when the applicant clearly 
has stated that drilling could continue for 75 days or more per well ifice conditions or 
unanticipated drilling issues arise. 

• 	 Shell has not estimated the potential to emit (PTE) for the ice breaker combustion sources 
assuming heavy ice conditions which can reasonably be expected during later September, 
October, and November in the Beaufort Sea. Shell bypassed the PTE requirements and 
immediately sought to avoid the rigors ofa PSD major source penni!, by proposing to 
reduce operating hours on units on an "assemblage of reasonable maximum activity 
levels." 

• 	 Shell's emission inventory for the Kul,uk drill ship and its associated support vessels of 
245 tons ofoxides of nitrogen (NOx), just barely falls below the PSD threshold for a 
major source pennit of 250 tons. There is little room for error in this emission estimate. 
The total emissions can easily exceed 250 tons, at any single well if it takes longer than 
59 days to drill, heavy ice conditions are encountered, if any of Shells operating 
restriction assumptions are incorrect, or if a relief well is required. 

• 	 Shell's emission inventory for the Kulluk drill ship and the Discoverer Drill Ships should 
include a cumulative total of all emissions required to drill the exploration wells planned 
on a calendar year. Total drill ship emissions for each ship, on a yearly basis, exceed the 
PSD threshold for a major source pennit of250 tons by several magnitodes. A minor 
source permit is inappropriate for these large industrial sources of air pollution. 

• 	 Shell's application excludes emissions from the Bow Throster Diesel engine when it is 
used to move the supply boat (Jim Kilabuk) next to the drill ships. However, this clearly 
contradicts the CAA requirement to include all support vessel emissions in the emission 
inventory ifthey are operating within 25 miles of the OCS source. 

• 	 Shell does not provide a historical operating basis for the operating hours or equipment 
use assumptions used in its application. The NSB requests that agencies require Shell to 
provided operating records for the Kulluk and Discoverer to verify combustion source 
usage requirements in similar previous exploration wells, so that the agencies and public 
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can detennine if the operating hours and usage restrictions proposed by Shell are realistic 
and appropriate. 

• 	 Shell has not properly inventoried or modeled carbon monoxide emissions for units that 
will be operated at low loads, where carbon monoxide emissions will be elevated. 

• 	 Shell's emission estimates for 2007 are inconsistent with the emission estimates for 2008 
and 2009. While Shell purports that its operating hour estimates are realistic for 2007 
based on a maximum operating timeframe of 60 days at a drill site, it does not provide 
any technical rationale to support the proposed reduction to 43 days per drill site in 2008 
and 2009. 

• 	 Shell's ambient air quality analysis is not site-specific, does not include the maximum 
potential to emit for all combustion sources included in the oes source definition, does 
not use appropriate background monitoring data for all oes source locations, does not 
use an EPA approved meteorologic data set, and is based on a simple single pollution 
stack screening model, rather than a site specific, multiple stack emission model. 

• 	 Shell's air pollution modeling approach is not site-specific and does not meet the 
technical quality required by the EPA or MMS on past oes exploration projects in the 
Beaufort Sea using the Kulluk. 

• 	 Shell's application lacks data to adequately assess human health impacts to our coastal 
communities, and to subsistence hunters and subsistence resources that will be located 
downwind of Shell's large industrial pollution source. 

• 	 Shell's application does not include all required supporting technical infonnation. 

• 	 Shell's application estimates hazardous air pollutants at a drill site level, but not at an 
oes source level. In addition to this error, Shell's application does not provide hazardous 
air pollutant emission estimates for sources vented to atmosphere; Shell only provides 
estimates for combustion sources. 

Attached are NSB's detailed comments supporting these conclusions. 

To discuss these comments, please contact Gordon Brower (907) 852-0440, or in his absence 
during whaling season, please contact Martha Falk at the same number. The NSB requests a 
written response to our comments and concern by each agency addressed on this letter, and an 
opportunity for the NSB to review the responses and discuss them prior to any permits or 
approvals being issued on this project. 

Sincerely, 

Johnny Aiken 
Director 
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Enclosure: Attachment No.1; NSB's Detailed Air Quality Comments 

Cc: NSB Mayor Edward S. Itta 
Karla Kolash, NSB Mayors Special Assistant 
Gordon Brower, NSB Land Management Regulations 
Taqulik Hepa, NSB Wildlife Department 
Bessie O'Rourke, NSB Law Department 
Layla Hughes, NSB Law Department 
Harvey Consulting, LLC. 
City ofpt. Lay 
City ofPt. Hope 
City of Wainwright 
City of Atqasuk 
City of Anaktuvuk Pass 
City of Barrow 
City of Kaktovik 
City ofNuiqsut 
Alaska Eskimo Whaling Commission 
Inupiat Community of Arctic Slope (IRA) 
Native Village of Barrow Inupiat Traditional Government 
Native Village ofNuiqsut 
Native Village of Kaktovik 
Village of Wainwright 
Point Lay Tribal Council (IRA) 
Native Village of Point Hope 
Richard Albright, EPA Region 10 
Nancy Helm, EPA Region 10 
Running Grass, EPA Region 10 
John Goll, MMS Director, Anchorage 
Tom Chapple, ADEC Air Quality Director, Anchorage 
Ben A. Greene, PhD, ADNR, Anchorage 
Glenn Gray and Associates 
Dr. Aaron Wernharn 
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Policies for Addressing 

PM2.5 Precursor Emissions
 

Rich Damberg
 

EPA Office of Air Quality Planning and Standards
 EPA Office of Air Quality Planning and Standards
 

June 20, 2007
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Overview
 
••	 Sources of direct PM2 5 and SO2 must be evaluated
 Sources of direct PM2.5 and SO2 must be evaluated 

for control measures in all nonattainment areas 
•	 For a specific area, the presumptive policy for NOx, 

VOCVOC, or ammoniia can be reversed if th d if the Statte and/d/ orb St
 
EPA provide a robust technical demonstration
 

•	 Implication: if statewide emissions of the precursor 
contribute significantly to PM2.5 concentrations in the 
area, then the state will need to evaluate sources of 
that pprecursor for reasonable control measures 
– These measures could include RACT/RACM for sources in 

the nonattainment area, and measures on other sources 
located in the state as needed for expeditious attainment 
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Direct PM2.5 and SO2
 
•	 Sulfate and carbon are significant fractions of PM2.52.5 

mass iin all  ll nonattaiinment areas. 
•	 Reductions in SO2 lead to net reductions in PM2.5 mass 

concentrations despite potential slight increases in 
partiticullatte nititratte llevells. 

•	 Policy: Direct PM2.5 emissions (includes organic 
carbon, elemental carbon, and crustal material) and SO2
must be addressed in all areasmust be addressed in all areas 
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VOC
 
The organic carbon component of ambient PM2 5 is a complexThe organic carbon component of ambient PM2.5 is a complex
mixture of hundreds or even thousands of organic compounds.  

•	 High molecular weight VOC condense readily when emitted to 
ambient air and are considered direct organic carbon particle 
emissionsemissions. 

•	 The relative importance of anthropogenic and biogenic VOC in 
the formation of secondary organic aerosol (SOA) varies from 
area to area, depending upon local emissions sources, 

t h h t  d 	  f th  atmospheriic chemiistry, and season of the year. 
•	 While significant progress has been made in understanding the 

role of gaseous organic material in the formation of organic PM, 
this relationshipp  remains compplex. SOA remains pprobablyy the 
least understood component of PM2.5. 
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VOC (cont.) 
• Orgganic carbon typyp  icallyy exhibits higgher mass duringg 

the summer, when photochemical SOA formation and 
biogenic VOC emissions are highest. 

•	 Aromatic comppounds such as toluene,, x yylene,, and 
trimethyl benzene are considered to be the most 
significant anthropogenic SOA precursors and have 
been estimated to be responsible for 50 to 70 percent 
of total SOA in some airsheds of total SOA in some airsheds. Man made sources of Man-made sources of 
aromatic gases include mobile sources,
petrochemical manufacturing and solvents. 

•• PolicyPolicy:: States are not required to address VOC in States are not required to address VOC in 
PM2.5 implementation plans and evaluate control 
measures for VOC unless the State or EPA makes a 
technical demonstration that emissions of VOCs from technical demonstration that emissions of VOCs from
 
sources in the State significantly contribute to PM2.5 

concentrations in a given nonattainment area. 6 
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Ammonia
 
AAmmoniia reacts with sulflfuriic acidid and niitriic acidid to•	 i h d 
form ammonium sulfate and ammonium nitrate.  
Ammonium sulfate formation is preferential under
most conditions though ammonium nitrate is favored most conditions, though ammonium nitrate is favored 
by low temperature and high humidity. 

•	 Emission inventories of ammonia contain 
uncertaintiesuncertainties. Researchers are seeking Researchers are seeking
improvements through process-based inventory
approaches for animal feeding operations. 
Monitoring of ammonia gas and nitric acid isMonitoring of ammonia gas and nitric acid is 
important for identifying when PM2.5 formation in an 
area is limited by ammonia or by nitric acid.
However, there are a limited number of such
monitoring sites. 
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Ammonia (cont.) 
Reducing ammonia emissions in some areas may increase theReducing ammonia emissions in some areas may increase the 
acidity of particles and of deposition.  Increased acidity is linked 
to adverse ecological effects and is suspected to be linked with 
human health effects and with an increase in the formation of 
secondary organic compounds.secondary organic compounds. 

•	 In areas with high SO2 emissions, ammonia reductions may 
marginally reduce PM2.5 concentrations, but particle and 
precipitation acidity may increase. 
AftAfter subbsttanti tial SO2 redductions iin thth e eastt, iin general PM2 5 l PM2.5•	 l SO2 ti 
changes are predicted to be less responsive to reductions in 
ammonia than to reductions in nitric acid.  

•	 Policyy: A State is not reqquired to address ammonia in its 
attainment plan or evaluate sources of ammonia emissions for 
reduction measures unless the State or EPA makes a technical 
demonstration that emissions of ammonia from sources in the 
State siggnificantlyy  contribute to PM2.5 concentrations in a ggiven 
nonattainment area. 
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NOx
 

••	 Nitrate continuously transfers between the gas and Nitrate continuously transfers between the gas and 
the condensed phases through condensation and 
evaporation processes in the atmosphere. 

••	 The formation of aerosol ammonium nitrate is favored The formation of aerosol ammonium nitrate is favored 
by the availability of ammonia, low temperatures, and 
high relative humidity. 

••	 Because ammonium nitrate is semivolatile and not Because ammonium nitrate is semivolatile and not 
stable in higher temperatures, nitrate levels are
typically lower in the summer months and higher in
the winter months. 
–	 Similarly, PM2.5 concentrations typically will respond most 

effectively to NOx reductions in the winter. 

•	 Under warm temperatures, Federal Reference 
M th d  Method moniitors retain lless nitrate iin measureddt i  i 
  
PM2.5.
 9 
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NOx (cont.)
 
•	 Ammonia reacts preferentially with SO2 but in theAmmonia reacts preferentially with SO2, but in the 

absence of significant amounts of SO2, nitric acid will 
readily form ammonium nitrate (such as in many 
western cities)). 

•	 A decrease in NOx can reduce the oxidation process 
and thereby reduce sulfate formation. 

•	 PolicyPolicy: States are required to address NOx as a: States are required to address NOx as a 
PM2.5 attainment plan precursor and evaluate 
reasonable controls for NOx in PM2.5 attainment 
plans, unless the State and EPA make a finding that 
NO i i f i th St t d tNOx emissions from sources in the State do not 
significantly contribute to PM2.5 concentrations in the 
relevant nonattainment area. 

10
 

Attachment 22 
Page 10 of 18



ot tec ca ed o t at a t e State ust

       

  

      

AEWC ICAS NSB

Technical Demonstrations
 

•	 Any proposed technical demonstrations should be 
developed in advance of the attainment 
demonstration and in consultation with the EPAdemonstration and in consultation with the EPA
 
Regional Office
 

•	 Demonstration should consider all available scientific 
d t h i l i  f  ti  and technical information 

• As part of the SIP, it will be subject to public review 

and comment under State administrative process
 

•	 If the administrative record related to development of 
the SIP shows that the presumption for a precursor is 
not technically justified for that area, the State musty just ea, 
submit a demonstration to reverse the presumption 

11[40 CFR 51.1002 (c)(5)] 
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Technical Demonstrations (cont.) 

• Weight of evidence approach based on 
a number of a number of technical analyses technical analyses 
– Potential analyses vary by pollutant 

• Demonstrations will be reviewed on 
case-by-case basis 

12
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Tools for Assessing Significance / Insignificance
 
of Contribution from All Statewide Sources to 

Nonattainment Area PM2.5 Concentrations
 

•	 Photochemical modeling – zerozero-out analysis; out analysis;•	 Photochemical modeling

sensitivity analysis
 

•	 Photochemical source apportionment tools (PSAT, 

DDM TSSA etc )
 DDM, TSSA, etc.) 
–	 For estimating impact of all sources 

•	 Receptor modeling (e.g. PMF, CMB) 
•	 A lAnalysiis off am bi t  bient monitit  oriing ddatta, speciiati  tion ddatta,

and trends 
•	 Analysis of emissions inventories and trends 
•	 OthOthers… 

13
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Questions to Address
 
in Technical Demonstrations
 

1) What is the contribution of all Statewide sources of the 
precursor (e.g. NOx, VOC, or ammonia) towards annual 
a erage PM2 5 concentrations in the nonattainment area? average PM2.5 concentrations in the nonattainment area? 

Example 

Attachment 22 
Page 14 of 18



  
 

AEWC ICAS NSB

concentrations on individual days? 

Questions to Address 
in Technical Demonstrations (cont.) 

2) Do contributions from the precursor to PM2.5 vary by 
season? 
- If so, are the contributions small in one or more 
seasons, but possibly sigp nificant in other seasons?y g 
- Is the precursor a key contributor to high 

Source: “Source Apportionment Analysis of Air Quality Monitoring Data: Phase II,” prepared by 
Desert Research Institute, March 2005, for the Mid-Atlantic/Northeast Visibility Union 
And Midwest Regional Planning Organization 
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Questions to Address
 
in Technical Demonstrations (cont )
in Technical Demonstrations (cont.) 

3) Do reductions or increases in the precursor affect the concentrations 
of other PM2.5 species?  If so, what is the individual impact on each 
PM2 5 species?PM2.5 species? 
- Effect of ammonia reductions on atmospheric acidity 
- Effect of NOx reductions on sulfate and SOA 
- Effect of anthropogenic VOC reductions on SOA sulfate andEffect of anthropogenic VOC reductions on SOA, sulfate, and 

nitrate 

Impact on Sulfate Concentrations from 
a Domainwide 50% NOx reduction 
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Questions to Address
 
i T h i l D  t ti  (  t ) 
  in Technical Demonstrations (cont.) 

4)4) Does ambient monitoring support the conclusions?Does ambient monitoring support the conclusions? 
- Are there available monitoring data to determine whether an area 
is ammonia-limited or nitric acid limited? 
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Questions to Address
 
in Technical Demonstrations (cont )
in Technical Demonstrations (cont.) 

5) Are there uncertainties in the emissions inventories that might lead 
to inconclusive findings regarding significance/insignificance of a 
precursor? 

6)	 D h i i i th i lit d l l d i l i6)	 Do the uncertainties in the air quality models lead to inconclusive 
findings regarding significance/insignificance of a precursor? 
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I. Introduction 

This Technical Support Document (TSD) describes the emissions inventories and air quality 
modeling performed by EPA for the development of the Response Surface Model (RSM) in 
support of the Regulatory Impact Assessment (RIA) for the proposed National Ambient Air 
Quality Standards (NAAQS) for PM2.5. Included is information on (1) the emissions inventories 
and development of projections, (2) the air quality modeling and development of model inputs, 
(3) development and experimental design of the RSM, and (4) the performance and validation of 
the RSM as compared to the air quality modeling. 

The RSM is based on a new approach known as air quality metamodeling that aggregates 
numerous pre-specified individual air quality modeling simulations into a multi-dimensional air 
quality “response surface”. Simply, this metamodeling technique is a “model of the model” and 
can be shown to reproduce the results from an individual modeling simulation with little bias or 
error. The RSM incorporates statistical relationships between model inputs and outputs to 
provide real-time estimate of these air quality changes.  The RSM provides a wide breadth of 
model outputs, which we utilize to develop emissions control scenarios.  The RSM approach 
informs the selection and evaluation of various control scenarios. This approach allows for the 
rapid assessment of air quality impacts of different combinations of emissions reductions and 
was used to estimate air quality changes for various control scenarios for the proposed PM2.5 

NAAQS. 

II. Emissions Inventories and Projections 

Emission inventories were developed for the 48 contiguous States, the District of 
Columbia, and portions of Canada and Mexico for the purposes of modeling particulate matter 
(PM) to support the air quality modeling analyses for the RSM development and the proposed 
PM NAAQS. The model required hourly emissions for the entire year of 2001 and future years 
on a 36-km national grid of the following pollutants: carbon monoxide (CO), nitrogen oxides 
(NOX), volatile organic compounds (VOC), sulfur dioxide (SO2), ammonia (NH3), particulate 
matter less than or equal to 10 microns (PM10), and particulate matter less than or equal to 2.5 
microns (PM2.5). 

The emission sources and the basis for current and future-year emission inventories for the Clean 
Air Interstate Rule (CAIR), and the PM NAAQS proposal are listed in Table II-1.  Readers 
interested in additional technical detail describing how EPA developed and projected this 
inventory to 2010 and 2015 can reference the CAIR Emissions Inventory TSD.1  Section 3 in the 
CAIR TSD details the 2001 baseline emissions used in each of the inventory sectors in Table II
1. Section 4 in the CAIR TSD details the growth and control methodology used in the 2010 and 
2015 CAIR control strategy inventories. 

1 See: http://www.epa.gov/interstateairquality/pdfs/finaltech01.pdf. Additional information may be found in 
Appendix H of the Clean Air Interstate Rule Emissions Inventory TSD, March 2005.  

Attachment 23 
Page 3 of 48

2 

http://www.epa.gov/interstateairquality/pdfs/finaltech01.pdf


 

  

  

 

AEWC ICAS NSB

Table II-2 provides summaries for 2001, 2010 CAIR baseline and control, and 2015 CAIR 
baseline and control emissions by pollutant and inventory sector, as defined in Table II-1, for 
states in the continental U.S.  Appendix B and Appendix H in the CAIR TSD include more 
detailed summaries that expand the 2001 baseline and 2015 CAIR control strategy (respectively) 
emissions in Table II-2 to include totals by state, sector and pollutant.  Except for the future 
CAIR control strategy EGU emissions; this information is also available electronically in the 
CAIR docket (item number OAR-2003-0053-1705) and the CAIR website:  
http://www.epa.gov/cleanairinterstaterule/technical.html , as a Microsoft® Excel® file, named 
Emissions_summary_state_sector_2001-2010-2015.xls.  Also available are annual total 
emissions by state and sector (except for CAIR control strategy EGU emissions) after application 
of chemical speciation factors for 2001, 2010, and 2015, which includes differences among the 
years. It can be found as a Microsoft® Excel® file 
Emissions_summary_state_sector_speciation_2001-2010-2015.xls in the CAIR docket (item 
number OAR-2003-0053-1706) and the CAIR website. 

Attachment 23 
Page 4 of 48

3 

http://www.epa.gov/cleanairinterstaterule/technical.html


 

 

    

 

 

 
 

 

 

  

 
 

  

 

 

 

AEWC ICAS NSB

Table II-1. Emissions Sources and Basis for Current and Future-Year Inventoriesa,b 

Sector or Emissions Future-Year Base Case 

Source Source 2001 Base Year Projections
 

EGU Power industry 
EGUs 

Point-sources facilities 
that were matched to 

Integrated Planning Model (IPM) 

facilities in the 2003 
National Electric Energy 
Database System 
(NEEDS) 

Non-EGU, 
including 
Point 
Fugitive 
Dust 
(pfdust) 

Non-Utility 
Point, 
including point 
source fugitive 
dust 

2001 National Emission 
Inventory (NEI) 

Baseline including CAIR control 
case: (1) Department of Energy 
(DOE) fuel use projections, (2) 
Regional Economic Model, Inc. 
(REMI) Policy Insight® model, (3) 
decreases to REMI results based on 
trade associations, Bureau of Labor 
Statistics (BLS) projections and 
Bureau of Economic Analysis 
(BEA) historical growth from 1987 
to 2002, (4) various control 
strategies outlined in Section 4.3, 
Table 12 in the CAIR emissions 
TSD 

Average 
Fire 

Wildfire, 
prescribed 
burning 

Same as future year Average fires from 1996 through 
2002 (based on state total acres 
burned), with the same emissions 
rates and country distributions of 
emissions as in the 2001 NEI 

Average 
Fire 

Agricultural 
burning, open 
burning 

2001 NEI 2001 NEI 

Agriculture Livestock NH3 2002 Preliminary NEIc 2015 emissions estimated with the 
same approach as was used for the 
2002 preliminary NEIc 

Agriculture Fertilizer NH3 2001 NEI 2001 NEI 

(continued) 
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Table II-1. Emissions Sources and Basis for Current and Future-Year Inventoriesa,b 

(continued) 

Sector or 
Source 

Emissions 
Source 2001 Base Year 

Future-Year Base Case 
Projections 

Other 
Area, 
including 
Area 
Fugitive 
Dust 
(afdust) 

All other 
stationary area 
sources, 
including area-
source fugitive 
dust 

1999 NEI, version 3 
grown to 2001 

(1) DOE fuel use projections, 
(2) REMI Policy Insight Model, 
(3) decreases to REMI results based 
on trade associations, BLS 
projections and BEA historical 
growth from 1987 – 2002, (4) 
various control strategies outlined in 
Section 4.3, Table 13 in the CAIR 
emissions TSD 

On-road Highway 
vehicles 

Except for California, the 
National Mobile Inventory 
Model (NMIM) using the 
Mobile6.2 model. 
California used their won 
on-road mobile source 
estimation model 
(EMFAC2002), which 
were assigned pollutant-
specific monthly variation 
from NMIM. 

Except for California, projected 
vehicle miles traveled same as CAIR 
proposed and final rule, emissions 
from MOBILE6.2 model.  For 
California, 2001 emissions were 
grown by county and SCC using 
NMIM 2001 to future year ratios. 

Nonroad Locomotives, 
commercial 
marine vessels, 
and aircraft 

2001 NEI; CMV adjusted 
to new national totals 
from Office of 
Transportation Air Quality 
(OTAQ) 

Grown based on national totals from 
OTAQ, using state/county 
distribution of emissions from the 
2001 NEI 

Nonroad All other 
nonroad 
vehicles 

NONROAD 2004 model NONROAD 2004 model 

a This table documents only the sources of data for the U.S. inventory.  The sources of data used for Canada and 

Mexico are explained in the CAIR emissions inventory technical support document. 
b All fugitive dust emissions were adjusted downward using county-specific transportable fractions needed as 

part of the current state of the art in air quality modeling. 
c ftp://ftp.epa.gov/EmisInventory/prelim2002nei/nonpoint/documentation/nh3inventorydraft_jan2004.pdf. 

5 
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Table II-2: Sector and pollutant emissions totals for 2001 baseline, 2010 CAIR baseline, 
2010 CAIR control, 2015 CAIR baseline, and 2015 CAIR control for all states in the 
continental U.S. 

Year Sectors 
[tons/yr] 

VOC 
[tons/yr] 

NOX 
[tons/yr] 

CO 
[tons/yr] 

SO2 
[tons/yr] 
PM10 

[tons/yr] 
PM2.5 

[tons/yr] 
NH3 

2001 
Base 

afdust 0 0 0 0 10,117,152 1,735,883 0 
Agriculture 0 0 0 0 0 0 3,140,563 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 52,737 4,937,398 452,092 10,901,127 721,415 598,937 7,918 
NonEGU 1,537,208 2,942,618 3,963,754 2,958,692 914,250 701,381 82,550 
Nonroad 2,584,513 4,050,655 22,789,871 433,249 320,999 307,520 1,753 
on-road 4,709,818 8,064,067 61,057,851 271,032 216,924 161,373 277,379 
Other area 7,326,991 1,462,276 3,712,654 1,295,146 875,944 764,395 141,193 
Pfdust 0 0 0 0 12,752 3,915 0 

2001 Base Total 16,864,812 21,695,944 102,743,660 15,908,354 14,282,977 5,253,010 3,689,593 
2010 
CAIR 
Base 

Afdust 0 0 0 0 10,428,325 1,784,758 0 
Agriculture 0 0 0 0 0 0 3,220,011 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 41,391 3,672,929 578,358 9,903,882 796,300 668,487 928 
NonEGU 1,363,530 2,931,360 4,421,697 3,189,864 957,490 739,036 93,078 
Nonroad 1,903,516 3,282,339 26,195,189 219,032 262,247 250,607 2,069 
on-road 2,593,430 4,683,086 37,718,382 27,439 151,876 91,721 341,564 
Other area 6,777,802 1,630,411 2,959,763 1,408,990 833,547 710,557 153,569 
Pfdust 0 0 0 0 14,727 4,405 0 

2010 CAIR Base Total 13,333,213 16,439,056 82,640,827 14,798,315 14,548,052 5,229,178 3,849,456 
2010 
CAIR 

Control 

Afdust 0 0 0 0 10,428,325 1,784,758 0 
Agriculture 0 0 0 0 0 0 3,220,011 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 41,160 2,427,892 583,089 6,283,602 648,643 522,951 905 
NonEGU 1,363,530 2,931,360 4,421,697 3,189,864 957,490 739,036 93,078 
Nonroad 1,903,516 3,282,339 26,195,189 219,032 262,247 250,607 2,069 
on-road 2,593,430 4,683,086 37,718,382 27,439 151,876 91,721 341,564 
Other area 6,777,802 1,630,411 2,959,763 1,408,990 833,547 710,557 153,569 
Pfdust 0 0 0 0 14,727 4,405 0 

2010 CAIR Control Total 13,332,982 15,194,019 82,645,558 11,178,035 14,400,395 5,083,642 3,849,433 
2015 
CAIR 
Base 

Afdust 0 0 0 0 10,564,873 1,803,965 0 
Agriculture 0 0 0 0 0 0 3,299,775 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 40,129 3,540,893 563,434 9,425,988 765,282 642,055 917 
NonEGU 1,553,429 3,183,499 4,971,592 3,422,915 1,080,189 833,372 102,627 
Nonroad 1,648,402 2,912,387 27,364,911 232,628 228,217 217,762 2,264 
on-road 2,031,739 3,152,563 34,182,190 30,823 134,202 70,697 379,401 
Other area 7,132,086 1,702,154 2,810,041 1,480,348 839,500 709,230 166,326 
pfdust 0 0 0 0 16,517 4,959 0 

2015 CAIR Base Total  13,059,329 14,730,427 80,659,606 14,641,810 14,732,320 5,261,647 3,989,547 
2015 
CAIR 

Control 

Afdust 0 0 0 0 10,564,873 1,803,965 0 
Agriculture 0 0 0 0 0 0 3,299,775 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
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EGU 42,782 2,172,837 652,215 5,111,436 603,800 476,350 717 
NonEGU 1,553,429 3,183,499 4,971,592 3,422,915 1,080,189 833,372 102,627 
Nonroad 1,648,402 2,912,387 27,364,911 232,628 228,217 217,762 2,264 
on-road 2,031,739 3,152,563 34,182,190 30,823 134,202 70,697 379,401 
Other area 7,132,086 1,702,154 2,810,041 1,480,348 839,500 709,230 166,326 
pfdust 0 0 0 0 16,517 4,959 0 

2015 CAIR Control Total 13,061,982 13,362,371 80,748,387 10,327,258 14,570,838 5,095,942 3,989,347 

III. Development of the Response Surface Model 

U.S. EPA has devoted significant efforts to developing air quality models for the assessment of 
regulatory impacts and designs of effective emissions control strategies.  Air quality models use 
mathematical and numerical techniques to simulate the physical and chemical processes that 
affect air pollutants as they disperse and react in the atmosphere.  These models are designed to 
characterize primary pollutants that are emitted directly into the atmosphere and, in some cases, 
secondary pollutants that are formed as a result of complex chemical reactions within the 
atmosphere, based on inputs of meteorological data and source information like emission rates 
and stack height. From ozone and particulate matter control strategies assessment to evaluation 
of acid deposition and air toxics, photochemical air quality models are widely used to support 
policy analysis as part of the decision-making process.  These photochemical models are large-
scale air quality models that simulate the changes of pollutant concentrations in the atmosphere 
using a set of governing equations characterizing the chemical and physical processes in the 
atmosphere.  These models are applied at multiple spatial scales from local, regional, national, 
and global. 

Air quality models can be a powerful regulatory tool for comparing the efficacy of various 
emissions control strategies and policy decisions.  However, due to the often enormous 
computational costs and the complication of the required emission inputs and processing, using 
complex air quality models to generate outputs to meet time-pressing requirements of policy 
analysis always presents a challenge and is typically inefficient, if not ineffective.  A promising 
tool for addressing this issue, Response Surface Modeling (RSM), has been developed by 
utilizing advanced statistical techniques to characterize the relationship between model outputs 
and input parameters in a highly economical manner.  The RSM is a metamodel of a model (i.e., 
air quality model); it is a reduced-form prediction model using statistical correlation structures to 
approximate model functions through the design of complex multi-dimension experiments.  The 
RSM technique has been successfully tested and evaluated for PM2.5 and ozone, respectively.2  In 
this section, we describe the development of the multi-pollutant RSM application using the 
Community Multi-Scale Air Quality (CMAQ) Modeling System developed at EPA.  The 
processes involved in developing the multi-pollutant RSM application using CMAQ will be 
discussed, including the selection of modeling domain and configuration, development of multi-
dimension experimental design for control strategies, and implementation and validation of the 
RSM technique (Figure III-1). Within the section describing implementation and validation of 
the RSM technique we will discuss the generation of air quality model simulations, statistical 

2 U.S. Environmental Protection Agency, 2006. Technical Support Document for the Proposed Mobile Source Air 
Toxics Rule:  Ozone Modeling, Office of Air Quality Planning and Standards, Research Triangle Park, NC.  
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modeling and construction of representative surfaces, model validation, and development of the 
Visual Policy Analyzer, a standalone software tool for viewing and manipulating the response 
surface. 

Figure III-1.  Flow diagram identifying key steps within the development of Response 
Surface Modeling.  

A. Use of RSM 

The RSM is intended to provide a modeling surrogate tool that can effectively simulate real-time 
PM impacts for a variety of regulatory alternatives for use in Regulatory Impact Analyses.  For 
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example, generating estimates of the health benefits of reductions in PM precursors and 
providing screening level estimates of the impacts of control strategies on NAAQS design values 
are functions the RSM supports. While the RSM may not provide a complete picture of all 
changes necessary to reach various alternative standards nationwide, it is highly useful in the 
context of providing illustrative control scenarios for selected areas, and understanding the 
contribution of different source categories, source regions and pollutant emissions to air quality 
across the U.S. The RSM can be used in a variety of ways:  (1) strategy design and assessment 
(e.g. comparison of urban vs. regional controls; comparison across sectors; comparison across 
pollutants); (2) optimization (develop optimal combinations of controls to attain standards at 
minimum cost); (3) model sensitivity (systematically evaluate the relative sensitivity of modeled 
ozone and PM levels to changes in emissions inputs. 

B. Technical Approaches and Experimental Design of RSM 

B.1 CMAQ Modeling Platform for RSM 

Multi-pollutant (particulate matter (PM2.5) and ozone) air quality modeling was performed using 
the Community Multi-scale Air Quality (CMAQ) model for the development of an integrated 
PM2.5 and ozone Response Surface Model (RSM).  Precursors of both PM2.5 and ozone and their 
transformations and transport were modeled.  For the purpose of the PM2.5 NAAQS RIA, model 
evaluation and control strategy assessment will focus exclusively on PM2.5, its constituents and 
precursors. Currently, the RSM is used as the foundation to conceptualize control strategy 
scenarios and resulting outcomes.  Likewise, the use of RSM will be extended to investigate and 
better inform sector based control scenarios based on a multi-pollutant approach (i.e., ozone and 
PM analyses). 

CMAQ is a three-dimensional regional grid-based air quality model designed to simulate 
particulate matter and ozone concentrations and deposition over large spatial scales (e.g., over 
the contiguous U.S.) over an extended period of time (e.g., up to a year).3  The CMAQ model 
includes state-of-the-science capabilities for conducting urban to regional scale simulations of 
multiple air quality issues, including tropospheric ozone, fine particles, toxics, acid deposition, 
and visibility degradation. The CMAQ model is a publicly available (supported by the 
Community Modeling and Analysis System (CMAS) Center; http://www.cmascenter.org/), peer 
reviewed, state-of-the-science model consisting of a number of science attributes that are critical 
for simulating the oxidant precursors and non-linear organic and inorganic chemical 
relationships associated with the formation of sulfate, nitrate, and organic aerosols.  CMAQ also 

3 Dennis, R.L., Byun, D.W., Novak, J.H., Galluppi, K.J., Coats, C.J., and Vouk, M.A., 1996. The next generation of 
integrated air quality modeling: EPA’s Models-3, Atmospheric Environment, 30, 1925-1938. 
Byun, D.W., and Ching, J.K.S., Eds, 1999. Science algorithms of EPA Models-3 Community Multiscale Air Quality 
(CMAQ modeling system, EPA/600/R-99/030, Office of Research and Development, U.S. Environmental 
Protection Agency. 
Byun, D.W., and Schere, K.L., 2006. Review of the Governing Equations, Computational Algorithms, and Other 
Components of the Models-3 community Multiscale Air Quality (CMAQ) Modeling System. J. Applied Mechanics 
Reviews, Accepted. 
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simulates the transport and removal of directly emitted particles which are speciated as elemental 
carbon, crustal material, nitrate, sulfate, and organic aerosols. 

The RSM is based on air quality modeling using CMAQ version 4.4 with a 36 km horizontal 
domain (148 x 112 grid cells) and 14 vertical layers.  The modeling domain encompasses the 
contiguous U.S. and extends from 126 degrees to 66 degrees west longitude and from 24 degrees 
north latitude to 52 degrees north latitude (Figure III-2).   

Figure III-2.  Map of the CMAQ and RSM modeling domain used for PM2.5 NAAQS 
Review 

This CMAQ version 4.4 reflects updates to earlier versions in a number of areas to improve the 
underlying science and address comments from the peer review.  The improvements in version 
4.4 compared to earlier versions include (1) use of a state-of-the-science inorganic nitrate 
partitioning module (ISORROPIA) and updated gaseous, heterogeneous chemistry in the 
calculation of nitrate formation, (2) a state-of-the-science secondary organic aerosol (SOA) 
module that includes a more comprehensive gas-particle partitioning algorithm from both 
anthropogenic and biogenic SOA, (3) an in-cloud sulfate chemistry module that accounts for the 
nonlinear sensitivity of sulfate formation to varying pH, and (4) an updated CB-IV gas-phase 
chemistry mechanism and aqueous chemistry mechanism that provide a comprehensive 
simulation of aerosol precursor oxidants.  

A complete description of CMAQ, meteorological, emission, and initial and boundary condition 
inputs used for this analysis are discussed in the CAIR TSD.4  Before one can combine multiple 
CMAQ simulations into a metamodel, one must ensure that the base simulations show adequate 
model performance.  An operational model performance evaluation for PM2.5 and its related 

4 U.S. Environmental Protection Agency, March 2005a.  Technical Support Document for the Clean Air Interstate 
Rule:  Air Quality Modeling, Office of Air Quality Planning and Standard, Research Triangle Park, NC.  (Docket 
No. OAR-2005-0053-2151). 
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speciated components (e.g., sulfate, nitrate, elemental carbon, organic carbon, etc.) as well as 
deposition of ammonium, nitrate, and sulfate for 2001 was performed in order to estimate the 
ability of the CMAQ modeling system to replicate base year concentrations.5  The purpose of the 
base year PM air quality modeling was to reproduce the atmospheric processes resulting in 
formation and transport of fine particulate matter across the U.S. 

B.2 Statistical Development of RSM 

Response surface models typically use a limited number of complex model runs at a set of 
statistically selected points in a design space, e.g. mobile NOx emission levels 10 to 120 percent 
of current levels. By using design of experiments theory, the response surface method can 
improve the accuracy of model approximations while minimizing costly model runs.6  The 
response-surface method uses statistical techniques to relate a response variable (in this case 
annual and 98th percentile daily PM2.5 at receptor sites throughout the U.S.) to a set of factors that 
are of interest, e.g. emissions of precursor pollutants from particular sources and locations.  

To develop a response surface approximation to CMAQ, a sophisticated interpolation approach 
(i.e., multidimensional kriging approach) was used, implemented through the MIXED procedure 
in SAS (2005) software.7  This modeling approach is well suited to data generated using a non-
stochastic computer model, and can approximate highly nonlinear surfaces as long as they are 
locally continuous. 

The predicted changes in PM2.5 in each CMAQ grid cell were modeled as a function of the 
weighted average of the modeled responses in the experimental design.  The weight assigned to a 
particular modeled output depends on the Euclidean distance between the factor levels defining 
the policy to be predicted and the factor levels defining the CMAQ experimental run.   

We specify a model structure that assumes that the response of CMAQ predicted concentrations 
to changes in emissions is a Gaussian stochastic process, such that 

r r
(1) Y ( )x = β0 + Z (x) 

5 U.S. Environmental Protection Agency, March 2005b. Updated CMAQ Model Performance Evaluation for the 
2001 Annual Simulation, Office of Air Quality Planning and Standard, Research Triangle Park, NC. (Docket No. 
OAR-2005-0053-2149). 

6 The experimental design component consists of the selection of the sets of input variables, d=(d1, d2, ..., dk), (i.e., 
selection of the emissions control strategy within the defined experimental region) at which to run the experiment 
and obtain a response.  There are a large number of methods, and a correspondingly large volume of literature, 
available for designing an experiment (Box, G.E.P., and Draper, N.R. (1987). Empirical Model-Building and 
Response Surfaces.  John Wiley and Sons, New York.;  Pukelsheim, F. (1993).  Optimal Design of Experiments. 
John Wiley and Sons, New York. Dean, A.M. and Voss, D. (1999). Design and Analysis of Experiments. 
Springer-Verlag, New York.) 

7 SAS Institute, 2005.  SAS Online Doc© 9.1.3. Accessed online at 
http://support.sas.com/onlinedoc/913/docMainpage.jsp 
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r
where Y is the species output metric, x  is the vector of emissions factors (defined between 0 and 

r
1.2), β0  is the mean response (estimated), and Z (x)  is a Gaussian process assumed to have 

mean 0, variance σ2, and a correlation structure defined by 

r r r r2 2(2) R(x , x )= σ (exp(− (dist (x , x ))) θ 2 )i j i j 

r
where xi  is the vector of factor values associated with run i of the experimental design, 

r r2dist (xi , x j )  is the squared distance between the vectors of factors associated with runs i and j, 
and θ and σ2 are parameters to be estimated.  The variance (σ2) and correlation (θ) parameters are 
fit using maximum likelihood methods. 

Based on the estimated parameters and the available CMAQ model results, the predicted value 
for a given species metric is obtained using the equation 

r r r
(3) ˆ( ) = β̂ + rt x R−1 ( ˆy x ( )  y − β0 )0 0 0 

r r
where x0  is the vector of factor values for which we want a predicted species response, ŷ(x0 ) is 

r
the prediction at x0 , β̂0  is the estimate of β0 , R is the matrix of all design points correlated with 

rteach other based on equation (2) (with θ̂  as the estimate of θ), R-1 is the inverse of R, r (x0 ) is 
r

the transpose of the vector or correlations, between x0  and each of the design points, namely, 
r r r r r rtr ( ) = (R(x , x ),..., R(x , xx ))T , and y  is the vector of the particular species response metrics 0 0 1 0 n 

associated with the design points. 

r
In this specific application, the design points are the 180 x vectors, each of length 12, consisting

r
of the selected 12 emission control factors defined below in Section B.5. The vector x0 consists 

r
of the values of the 12 factors for which the predicted species metric is desired.  y is the vector 
of CMAQ modeled species metric values and has 180 elements.  The matrix R is formed as a 
180x180 matrix with a row and column for each design point.  The value in each cell of R is 
determined by equation (2).  

The RSM experimental design covers a change in the baseline emissions of zero to 120 percent, 
utilizing a staged Latin Hypercube statistical method.  This statistical method follows a space 
filling design within the policy area and policy controls in order to accurately capture the linear 
and nonlinear interactions among pollutants.  The Latin hypercube design retains flexibility, 
which accommodates the number of runs selected based on limitations (computer resources).  A 
total of 180 CMAQ model runs were conducted (a base case run plus 179 control runs).  The 
model runs were broken into two stages, 120 runs in the first stage and 60 runs each in stage two.  
This allowed for faster development of preliminary surfaces and allowed testing of additional 
predictive power for additional model runs.  The set of CMAQ simulations provide inputs to the 
statistical response surface modeling.  The complete list of model runs and corresponding control 
scenarios (selection of policy factor controls) are provided in Appendix A.  The CMAQ model 
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was applied for the 2010 CAIR projection baseline in order to provide annual PM2.5 

concentrations, visibility, and deposition estimates.  The CMAQ model was run for 4 months, 
one month from each season, February, April, July, October, in order to reduce computational 
time for such a large number of annual model runs.  These months were chosen based on greatest 
predictability of the quarterly mean.  Each quarterly run included a 5-day ramp-up (i.e., "spin
up") period designed to minimize the influence of the initial concentration fields (i.e., initial 
conditions) used at the start of the model run.  The development of initial condition 
concentrations is described in the CAIR TSD.  The ramp-up periods used for the RSM CMAQ 
applications are as follows: 

- First quarter ramp-up period is January 27 - 31, 2001 
- Second quarter ramp-up period is March 27 - 31, 2001 
- Third quarter ramp-up period is June 26 - 30, 2001 
- Fourth quarter ramp-up period is September 26 - 30, 2001 

Model predictions from these ramp-up periods were discarded and not used in analyses of the 
modeling results. 

Once the response surface model has been generated, it can be used to simulate the functions of 
the more computationally expensive atmospheric chemistry model.  The RSM can be used to 
derive analytical representations of model sensitivities to changes in model inputs.  For example, 
the RSM is designed to show how CMAQ (air quality model) predicts the atmosphere would 
respond to emission reductions for selected sources and pollutants, though it does not provide 
how those reductions in pollutants can be accomplished (i.e. specific control technologies).  The 
RSM allows for comparison on an equal footing of controls for different source/pollutant 
combinations, and between local and regional sources.  It should be noted that because RSM is 
built from CMAQ air quality model runs, it therefore has the same strengths and limitations of 
the underlying model and its inputs.   

B.3 Modeling Scenarios and Emission Inventories and Sectors 

The PM NAAQS RIA modeled relative changes in air quality for the entire U.S. using the 
Response Surface Model (RSM) applied to the 2010 regulatory Base Case developed by EPA as 
part of the analysis for the Clean Air Interstate Rule (CAIR).  While CAIR targets controls of 
SO2 and NOx in the Eastern United States, the other rules/programs in the 2010 baseline include 
Clean Air Non-Road Diesel Rule, Heavy Duty Diesel Rule, Tier 2, and the NOx SIP Call.  
Because our base year of analysis is 2015, we extrapolate the baseline year from 2010 to 2015 
and to include CAIR controls.8  2015 serves as a logical base year for analysis because it is a 
reasonable estimate of the date by which States would begin to implement controls to attain the 
revised standard; assuming promulgation in 2006, designations would require 3 years, and States 
would then have 5 years to attain. The RSM control strategy outputs are based on projected 

8 We developed the RSM with a 2010 baseline so that it could serve the analytical needs of both the final PM 
NAAQS implementation rule (due in late 2006) for the current standard as well as the PM NAAQS RIA for the 
revised standard. 
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2015 post-CAIR emissions inventories and therefore reflect any uncertainties in those 
inventories. Certain source/pollutant inventories may be more uncertain than others.  

B.4 Development of SMOKE/CMAQ Utility Interface Module 

A pre-requisite task of the integrated PM2.5 and ozone CMAQ RSM effort was to develop an 
interface utility module within the CMAQ to allow the model to directly read the pre-merged 
SMOKE emission files (e.g., 3-D point sources, 2-D mobile sources, 2-D area sources, 2-D 
biogenic, sources, etc.), and more importantly, allow the model to directly control the % 
emission reduction/increase for the RSM scenarios runs that are needed for constructing the 
PM2.5 and O3 response surfaces. This tool increased the capacity and functionality of the 
operational CMAQ RSM models runs while (1) eliminating massive emission inputs for CMAQ 
RSM modeling (2) leading to highly efficient RSM modeling since the process can be automated 
to eliminate tedious manual operations.  A SMOKE/CMAQ interface module has been 
developed as part of CMAQ system to facilitate and expedite these CMAQ RSM simulations. 

B.5 Selection of Emissions Control Factors and Control Ranges 

The main purpose of the RSM is to demonstrate the impact of various reductions in precursor 
emissions from different combinations of sources on air quality.  Therefore, constraints were 
placed on the experimental design space, i.e. the region over which the response is studied, to a 
set of variables that parameterize a set of possible emissions control strategies, and evaluate the 
change in ambient PM2.5 levels that result from a change (reduction or increase) in emissions.9 

Selection of policy factors were based on precursor emission type and source category relevant 
to policy analysis of interest.  The experimental design carefully considered factors that would 
provide maximum information for use in comparing relative efficacy of different emissions 
control strategies. Hence, 12 variable emission control factors were selected based on precursor 
emission type and source category, as well as balancing computational efficiency of model runs 
and resources available. The selection of factors was based on three fundamental areas: 

1.	 Type of PM and PM precursor emissions (NOx, SOx, NH3, POC, PEC, or VOC); 
2.	 Emissions source category (EGU point sources, NonEGU point sources, area sources 

(including agriculture); and 
3.	 Location of urban areas contributing to residual PM2.5 (including non-road sources) after 

implementation of the CAIR/CAMR/CAVR and geographically separated in contribution 
to downwind PM2.5 concentrations. 

The RSM can evaluate air quality changes that result from adjusting each of the following 12 
emissions control factors on a local or regional basis: 

1.	 NOx EGU = NOx IPM EGU point source emissions 

9 Hubbell, B.J., Dolwick, P.D., Mooney, D., Morara, M., 2005.  Evaluating the relative effectiveness of ozone 
precursor controls: Design of computer experiments applied to the comprehensive air quality model with extensions 
(CAMx), Air and Waste Management Association Conference Proceedings. 
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2.	 NOx NonEGU Point and Area = NOx IPM Non-EGU point source, area source, and 
agricultural source emissions  

3.	 NOx Mobile = NOx nonroad source and mobile source emissions 
4.	 SOx EGU = SOx IPM EGU point source emissions 
5.	 SOx NonEGU Point = SOx IPM Non-EGU point source emissions 
6.	 SOx Area = SOx area source and agricultural source emissions  
7.	 NH3 Area = Ammonia area source and agricultural source emissions   
8.	 NH3 Mobile = Ammonia non-road source and mobile source sources 
9.	 POC/PEC Point (EGU and NonEGU) = Elemental carbon and organic carbon IPM EGU 

point source and IPM Non-EGU point source emissions 
10. POC/PEC Mobile = Elemental carbon and organic carbon nonroad source and mobile 

source emissions 
11. POC/PEC Area = Elemental carbon and organic carbon area source and agricultural 

source emissions 
12. VOC All = Volatile organic carbon IPM EGU point source, IPM Non-EGU point source, 

area source, agricultural source, nonroad source, and mobile source emissions10 

Source groupings with small contributions to emissions were grouped with similar larger source 
groupings for efficiency (Figure III-3). NonEGU Area NOx and SOx sources were primarily 
smaller industrial combustion sources, such as coal, oil, and natural gas powered boilers and 
internal combustion engines.  Agricultural area sources were only significant contributors to 
ammonia emissions.  VOC sources were lumped together because VOCs are not expected to 
influence PM levels significantly.   

100% 

75% 

50% 

25% 

0% 

NOx SO2 

EGU NonEGU Point 

NH3 

NonEGU Area 

POC/PEC 

NonEGU Mobile 

VOC 

Figure III-3. National analysis of source contributions to emissions sectors.11 

10 This version of the RSM did not address direct emissions of inorganic metallic particles from sources such as steel 
mills and other industrial processes.  
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B.6 Selection of Regional vs. Local Impact  

Based on the selection of 12 control factors, the RSM experimental design applied a regional 
design allowing for development of independent response surfaces for particular urban areas, as 
well as a generalized response surface (i.e. air quality response) for all other locations (outside of 
the particular urban areas). A rigorous area-of-influence analysis was conducted for the selection 
of RSM urban locations to discern the degree of overlap between different urban areas in terms 
of air quality impacts, and to tease out local versus regional impacts.  The area-of-influence 
analysis incorporated control model runs where emissions were zeroed out in many urban areas.  
Results of these control runs for the months of February and July are shown in Figures III-4 and 
III-5. The area-of-influence analysis concluded that ambient PM2.5 in each of the 9 urban areas is 
largely independent of the precursor emissions in all other included urban areas.  This conclusion 
is also supported and clearly seen in Figure III-9 (demonstrating the extent of the air quality 
influence region), where reductions (represented as spikes in figure display) of PM2.5 based on an 
example of local precursor controls are shown.  Thus, selection of these areas allows the RSM to 
analyze air quality changes in these 9 urban areas and associated counties independent of one 
another. These 9 urban areas include New York / Philadelphia (combined), Chicago, Atlanta, 
Dallas, San Joaquin, Salt Lake City, Phoenix, Seattle, and Denver. Figure III-6 displays these 9 
urban areas based on the CMAQ model 36-km grids.  

11 The data in Figure III-3, which are based on the emissions inventory developed for CAIR, suggest EGUs 
contribute on the order of 10% of primary organic carbon.   More recently, EPA has reviewed data on primary EGU 
emissions and concluded these estimates are approximately an order of magnitude too high.  This suggests that the 
control costs and reductions associated with any controls for EGU POC in are of little relevance.   EPA has since 
corrected this portion of the inventory for future analyses and modeling. 
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Figure III-4.  PM2.5: Areas of influence for nine selected RSM urban locations for the 
monthly average of July 2001. 

Figure III-5.  PM2.5: Areas of influence for nine selected RSM urban locations for the 
monthly average of February 2001. 
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Figure III-6.  Map of the CMAQ modeled 36-km grids for nine urban areas modeled.  

B.7 Output Metrics for CMAQ RSM PM2.5 

Several output measures of PM2.5 levels were extracted from the CMAQ model runs which are of 
particular interest for this PM NAAQS RIA.  The quarterly mean and annual 98th percentile 
daily average of sulfate, nitrate, crustal, elemental carbon, organic carbon, and ammonium 
concentrations were outputted to influence development of RSM surfaces.  Projected PM2.5 

annual and daily design values at monitored locations were used to assess how the attainment 
status of an area might be affected by different control strategies. 

In general, the procedures for projecting both the annual and daily PM2.5 design values are based 
on using model predictions in a relative sense.  In this manner, the 2001 Base Year predictions 
and the 2015 future predictions are coupled with ambient data to forecast future concentrations.  
This approach is consistent with the EPA draft guidance documents for modeling PM2.5.

12 

Projected annual design values were calculated using the Speciated Modeled Attainment Test 
(SMAT) approach, the details of which can be found in the report "Procedures for Estimating 
Future PM2.5 Values for the CAIR Final Rule by Application of the (Revised) Speciated Modeled 

12 U.S. Environmental Protection Agency, 2001.  Draft Guidance on the Use of Models and Other Analyses in 
Attainment Demonstrations for the PM2.5 NAAQS. 
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Attainment Test (SMAT)".13  Below are the steps we followed for projecting future PM2.5 

concentrations.  These steps were performed to estimate future case concentrations at each FRM 
monitoring site. The starting point for these projections is the average of the 1999-2001, 2000
2002, and 2001-2003 design values at each monitoring site.  By averaging 1999-2001, 2000
2002, and 2001-2003, the value from 2001 is weighted three times, whereas, values for 2000 and 
2002 are each weighted twice, and 1999 and 2003 are each weighted once.  This approach has 
the desired benefits of (1) weighting the PM2.5 values towards the middle year of the five-year 
period, which is the 2001 Base Year for our emissions projections, and (2) smoothing out the 
effects of year-to-year variability in emissions and meteorology that occurs over the full five-
year period. This approach provides a robust estimate of current air quality for use as a basis for 
future year projections. 

Step 1:  Calculate quarterly mean ambient concentrations for each of the six major 
components of PM2.5 (i.e., sulfate, nitrate, ammonium, elemental carbon, organic carbon, 
and crustal material) using the component species concentrations estimated for each FRM 
site and estimate the species fractions at each FRM site, then multiply the average 1999
2003 FRM quarterly mean concentration at each site by the estimated fractional 
composition of PM2.5 species, by quarter (e.g., 20 percent sulfate multiplied by 15.0 
µg/m3 of PM2.5 equals 3 µg/m3 sulfate). 

Step 2:  Calculate quarterly average Relative Reduction Factors (RRFs) for sulfate, 
nitrate, elemental carbon, organic carbon, and crustal material.  The species-specific 
RRFs for the location of each FRM are the ratio of the 2015 CAIR case to 2001 Base 
Year quarterly average model predicted species concentrations. The species-specific 
quarterly RRF are then multiplied by the corresponding 1999-2003 quarterly species 
concentration from Step 1.  The result is the future case quarterly average concentration 
for each of these species. 

Step 3:  Calculate quarterly average concentrations for ammonium and particle-bound 
water. The future case concentrations for ammonium are calculated using the future case 
sulfate and nitrate concentrations determined from Step 2 along with the degree of 
neutralization of sulfate (held constant from the base year).  Concentrations of particle-
bound water are calculated using the empirical relationship derived from the AIM model 
using the future case concentrations of sulfate, nitrate, and ammonium as inputs. 

Step 4:  Calculate the mean of the four quarterly average future case concentrations to 
estimate future annual average concentration for each component specie.  The annual 
average concentrations of the components are added together to obtain the future annual 
average concentration for PM2.5. 

Step 5:   For counties with only one monitoring site, the projected value at that site is the 
future case value for that county. For counties with more than one monitor, the highest 
value in the county is selected as the concentration for that county.  

13 U.S. Environmental Protection Agency, 2004.  “Procedures for Estimating Future PM2.5 Values for the CAIR 
Final Rule by Application of the (Revised) Speciated Modeled Attainment Test (SMAT)- Updated 11/8/04”. 
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The daily design values are based on applying a similar projection method.  As with the annual 
design value, monitor data for the years 1999 to 2003 are used as the basis for the projection.  
There are several steps in the projection for each of the base years of monitoring data: 

Step 1:  The first step in projecting the daily design value is to identify the maximum 
daily average PM2.5 concentration in each quarter that is less than or equal to the annual 
98th percentile value over the entire year.   

Step 2: These quarterly PM2.5 concentrations are then separated into their component 
species by multiplying the quarterly maximum daily concentration at each site by the 
estimated fractional composition of PM2.5 species, by quarter, based on the observed 
species fractions from speciation monitors in 2002.   

Step 3:  The component species are then projected by multiplying each species 
concentration by the quarterly relative reduction factors for each specie derived from the 
2015 and 2001 PM2.5 air quality modeling.   

Step 4: The projected species components are then summed to obtain a PM2.5 

concentration for each quarter that represents a potential daily design value.   

Step 5: The projected daily design value for each monitor in 2015 is then calculated as 
the maximum of the projected quarterly values. 

This procedure is repeated for each of the years of monitoring data, 1999-2003.  A weighted 
average projected 2015 design value is then calculated by averaging the projections for 3 year 
intervals (1999-2001, 2000-2002, 2001-2003), and then averaging over the three interval 
averages. The projected daily design value for a county is then calculated as the maximum 
weighted average design value (1999 - 2003) across all monitors within a county. 

In addition to the aforementioned PM2.5 metrics, other outputs were extracted however; they are 
not currently used for the proposed PM NAAQS RIA.  These metrics include:  annual and 
quarterly nitrogen and sulfate deposition, annual mean of visibility (light extinction coefficient of 
the average 20% worst days, average of 20% best days), daily one-hour ozone maximum, 12
hour daylight average ozone, and daily 24-hour average ozone.  The following is the translation 
of CMAQ output species into PM2.5 and related species (units= µg/m3): 

PM2.5 mass: PM2.5 = ASO4I + ASO4J + ANH4I + ANH4J + 
ANO3I +ANO3J + AORGAI + AORGAJ + 
1.167*AORGPAI + 1.167*AORGPAJ+ 
AORGBI + AORGBJ + AECI + AECJ + 
A25I + A25J 

Sulfate PM: PM_SULF = ASO4I + ASO4J 
Nitrate PM: PM_NITR = ANO3I + ANO3J 
Ammonium PM: PM_AMM = ANH4I + ANH4J 
Organic aerosols: PM_ORG_TOT = AORGAI + AORGAJ + 1.167*AORGPAI + 
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 1.167*AORGPAJ + AORGBI + AORGBJ 
Elemental Carbon: PM_EC = AECI + AECJ 
Crustal Material (soils): PM_OTH = A25I +A25J 
Coarse PM: PM_COARS = ASOIL +ACORS + ASEAS 

where, PM_SULF is particulate sulfate ion, ASO4J is accumulation mode sulfate mass, ASO4I is 
aitken mode sulfate mass, PM_NITR is particulate nitrate ion, ANO3J is accumulation mode 
nitrate mass, ANO3I is aitken mode aerosol nitrate mass, ANH4J is accumulation mode 
ammonium mass, ANH4I is aitken mode ammonium mass, PM_ORG_TOT is total organic 
aerosols, AORGAJ is accumulation mode anthropogenic secondary organic mass, AORGAI is 
aitken mode anthropogenic secondary organic mass, AORGPAJ is accumulation mode primary 
organic mass, AORGPAI is aitken mode primary organic mass, AORGBJ is accumulation mode 
secondary biogenic organic mass, AORGBI is aitken mode biogenic secondary biogenic organic 
mass, PM_EC is primary elemental carbon, AECJ is accumulation mode elemental carbon mass, 
AECI is aitken mode elemental carbon mass, PM_OTH is primary fine particles (other 
unspeciated primary PM2.5), A25J is accumulation mode unspecified anthropogenic mass, A25I 
is aitken mode unspecified anthropogenic mass.  PM2.5 is defined as the sum of the individual 
species. Note that a factor of 1.167 was applied to AORGPAI and AORGPAJ since the CMAQ 
model assumed the conversion factor between organic carbon to organic mass is 1.2 for primary 
organic aerosol emission and measurements assumed the conversion factor of 1.4. 

B.8 RSM Graphical Tool: Visual Policy Analyzer 

The RSM will be part of an integrated suite of 3 distinct tools, the Air Strategy Assessment 
Program (ASAP) which EPA is creating.  ASAP uses a systematic approach for linking data and 
models for integrated assessments.  This suite of tools is intended to facilitate multipollutant 
screening analyses of multiple air quality control strategies.  ASAP serves as a graphical user 
interface that allows for easy inputs by the user with simultaneous analysis features (graphs and 
maps).  RSM provides information on air quality responses to reductions of pollutants for 
various sectors. Within the ASAP framework, RSM provides this information in the form of 
graphical displays: bar charts, pollutant/sector stacked bar charts, and histograms.  

The Visual Policy Analyzer (VPA) tool was developed as a graphically based analysis tool for 
interacting with the RSM.  The VPA tool functions outside of the ASAP framework.  The VPA 
allows for simultaneous viewing of inputs of emissions changes on multiple model outputs.  For 
example, the user will be able to change any policy factor (e.g., mobile NOx levels) and see the 
impact on PM2.5 constituents (PM sulfate, PM nitrate, etc.).  The future design and advancements 
of the VPA will be implemented to include real-time interaction with ozone, visibility, and 
deposition. Figures III-7 – III-9 display example outputs of the VPA. 
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Figure III-7. VPA example:  monitors with annual average PM2.5 Post CAIR 2015 greater 
than 13 µg/m3. 
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Figure III-8. VPA example:  Monitors with annual average PM2.5 Post CAIR 2015 greater 
than 13 µg/m3 after applying 50 percent reduction in carbon. 
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Figure III-9. VPA example: Extent of air quality influence region for the 9 selected urban 
areas. 
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IV. Validation of the Response Surface Modeling 

To develop a response surface approximation to CMAQ, a multidimensional kriging approach 
was implemented.  The RSM uses a nonlinear 24-dimensional kriging model implemented 
through SAS (2005)14 software. Kriging is an interpolation method based on an exponentially 
weighted sum of the sample data. This modeling approach is appropriate for data generated 
using a non-stochastic computer model, and can approximate highly nonlinear surfaces as long 
as they are locally continuous. The predicted changes in PM2.5 in each CMAQ grid cell was 
modeled as a function of the weighted average of the modeled responses in the experimental 
design. The weight assigned to a particular modeled output depends on the Euclidean distance 
between the factor levels defining the policy to be predicted and the factor levels defining the 
CMAQ experimental run.15 

Uncertainties associated with RSM come from two key areas:  (1) inherent uncertainties from the 
air quality model (CMAQ) due to uncertainties of modeling sciences and formulation, 
computational approximation, and input data, including both emission and meteorological data; 
and (2) statistical representation of RSM model to simulate the responses of the air quality model 
(CMAQ) due to preset control scenarios.  The model was validated using a number of 
techniques, while recognizing and acknowledging these uncertainties associated with the 
development and application of the RSM.  

Visual inspection of prediction maps was conducted to confirm overall spatial comparability in 
the predicted versus modeled outputs for each of the CMAQ experimental design runs.  Cross-
validation was used to evaluate overall response-surface performance.  For each iterative run, 
one of the experimental model runs is left out of the model estimation, and the RSM is then 
computed and used to predict the omitted run.  RSM predicted changes in PM2.5 air quality are 
compared with CMAQ predictions and a standard set of model performance evaluation metrics 
over all grid cells is computed for the run.  These evaluation metrics include: bias, error, 
normalized bias and error, and fractional bias and error.16  The performance metrics are defined 
as follows: 

(3) BIAS = ŷ −Y 

(4) ERROR = ŷ −Y 

14 SAS Institute, 2005.  SAS Online Doc© 9.1.3. Accessed online at 
http://support.sas.com/onlinedoc/913/docMainpage.jsp 

15 Hubbell, B.J., Dolwick, P.D., Mooney, D., Morara, M., 2005.  Evaluating the relative effectiveness of ozone 
precursor controls: Design of computer experiments applied to the comprehensive air quality model with extensions 
(CAMx), Air and Waste Management Association Conference Proceedings. 

16 Boylan, J.W. Evaluation of Model Performance.  Presentation for the 3rd Particulate Matter/Regional Haze/Ozone 
Modeling Workshop, New Orleans, LA, May 19, 2005.  Accessed online at: 
http://cleanairinfo.com/modelingworkshop/presentations/PM_MPE_Boylan.pdf 
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ŷ − Y
(5) NORMALIZED BIAS = 

Y 

ŷ − Y
(6) NORMALIZED ERROR = 

Y 

ŷ − Y
(7) FRACTIONAL BIAS = (bounded between -200% and +200%)

⎛ ŷ + Y ⎞
⎜ ⎟
⎝ 2 ⎠ 

ŷ −Y
(8) FRACTIONAL ERROR = (bounded between 0% and +200%)

⎛ ŷ + Y ⎞
⎜ ⎟
⎝ 2 ⎠ 

The process is then repeated for each experimental design model run, and the distributions of the 
performance metrics are then examined over the total number of model runs to gauge the overall 
performance of the response surface across the experimental design. 

During the beginning stages of the RSM evaluation, an initial cross-validation was performed for 
selected corresponding CMAQ and RSM grid cells for the months of July and October (Tables 
IV-1 and IV-2).  Comparison of RSM predictions to “true” CMAQ values for July and October 
total PM2.5 show good agreement (Figures IV-1 and IV-2).  In addition, comparison of RSM and 
CMAQ predictions for the July mean total PM2.5 for a particular run (run 120) is shown in 
Figures IV-3 and IV-4. Likewise, Figures IV-5 and IV-6 display a comparison of RSM and 
CMAQ predictions for October mean total PM2.5 for run 120. 
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Table IV-1. Cross-validation performance metrics for predicted July total PM2.5 mass 
(based on an evenly geographically distributed sub-sample of 700 grid cells, out of ~6,300 in 
the continental U.S.) 
Performance 
Metric 

Cross Validation (n=121) 

Mean Minimum Maximum 
Mean Bias 
(µg/m3) 

0.000 -0.063 0.130 

Mean Error 
(µg/m3) 

0.027 0.006 0.130 

Mean 
Normalized 
Bias (%) 

0.02% -1.58% 2.96% 

Mean 
Normalized 
Error (%) 

0.71% 0.21% 2.97% 

Mean 
Fractional 
Bias (%) 

0.01% -1.61% 2.87% 

Mean 
Fractional 
Error (%) 

0.71% 0.22% 2.88% 

Table IV-2. Cross-validation performance metrics for predicted October total PM2.5 mass 
(based on an evenly geographically distributed sub-sample of 700 grid cells, out of ~6,300 in 
the continental U.S.) 
Performance 
Metric 

Cross Validation (n=121) 

Mean Minimum Maximum 
Mean Bias 
(µg/m3) 

0.000 -0.100 0.221 

Mean Error 
(µg/m3) 

0.047 0.007 0.221 

Mean 
Normalized 
Bias (%) 

0.03% -2.70% 6.40% 

Mean 
Normalized 
Error (%) 

1.19% 0.18% 6.73% 

Mean 
Fractional 
Bias (%) 

0.01% -1.61% 6.40% 

Mean 
Fractional 
Error (%) 

1.19% 0.18% 6.40% 
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Figure IV-1. Comparison of RSM predictions to “true” CMAQ values for July total PM2.5. 

Figure IV-2. Comparison of RSM predictions to “true” CMAQ values for October total 
PM2.5. 
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Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000 

2.00000001 - 3.00000000 12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000 

5.00000001 - 6.00000000 15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-3. PM2.5 spatial gradient map for RSM predictions for July mean total PM2.5 
based on Run 120. 

Attachment 23 
Page 30 of 48

29 



 

 
 

 

 

 

AEWC ICAS NSB

Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000 

2.00000001 - 3.00000000 12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000 

5.00000001 - 6.00000000 15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-4. PM2.5 spatial gradient map for CMAQ simulations for July mean total PM2.5 
based on Run 120. 
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Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000 

2.00000001 - 3.00000000 12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000 

5.00000001 - 6.00000000 15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-5. PM2.5 spatial gradient map for RSM predictions for October mean total PM2.5 
based on Run 120. 
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Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000 

2.00000001 - 3.00000000 12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000 

5.00000001 - 6.00000000 15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-6. PM2.5 spatial gradient map for CMAQ simulations for October mean total 
PM2.5 based on Run 120. 

An out-of-sample validation was also conducted, by comparing predicted values from the 
response surface models with actual CMAQ outputs for a set of 60 model runs that are outside of 
the experimental design and were not used in developing the predictive model.  RSM predictions 
for these model runs are compared with the CMAQ predictions and the performance metrics over 
all grid cells is computed for each run.  These out-of-sample validation runs included 30 
boundary condition runs to assess model performance near the edges of the policy space in the 
outer edge conditions of the RSM. A complete list of model runs (including boundary condition 
runs) and corresponding control scenarios (selection of policy factor controls) are provided in 

Attachment 23 
Page 33 of 48

32 



 

 

 

 

 

 
 

AEWC ICAS NSB

Appendix B. The distribution of the performance metrics over the set of 60 runs was then 
examined.  

Cross-validation and out-of-sample performance metrics for the PM2.5 design value metric are 
shown in Table IV-3. 

Table IV-3. Cross Validation Performance Metrics for the Predicted PM2.5 Design Values 
Performance 
Metric 

Daily 98th Percentile Design Value Annual Mean Design Value 

Mean Minimum Maximum Mean Minimum Maximum 
Mean Bias 
(µg/m3) 

0.001 -0.646 0.796 0.001 -0.136 0.333 

Mean Error 
(µg/m3) 

0.282 0.147 0.822 0.067 0.021 0.336 

Mean 
Normalized 
Bias (%) 

0.03% -2.51% 2.81% 0.03% -1.51% 2.86% 

Mean 
Normalized 
Error (%) 

1.13% 0.57% 3.10% 0.71% 0.21% 2.95% 

Mean 
Fractional 
Bias (%) 

0.02% -2.62% 2.74% 0.02% -1.51% 2.86% 

Mean 
Fractional 
Error (%) 

1.14% 0.58% 3.19% 0.71% 0.21% 2.90% 
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Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
1 1 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
1 2 0.8917761 1.0202863 0.8305486 0.9630258 0.8759180 0.9027776 0.1706268 0.1743507 0.9938867 0.3943875 0.9089606 0.8764795 
1 3 0.5757257 0.2660104 1.0219009 0.5561090 0.2476034 0.8032814 0.6175011 1.0011361 0.0245822 0.5016423 1.1284927 0.5202208 
1 4 0.0613440 0.4620605 0.5055674 0.3992450 0.9646536 1.1373681 0.8193273 0.6693372 0.4947579 0.6882374 1.0815584 0.4967414 
1 0.2962200 0.6071276 0.7457047 0.0658980 0.5813182 0.4308903 1.0586252 1.0753493 0.6384797 0.9133312 0.5117359 0.6401700 
1 6 0.1199474 1.1633908 0.7550934 0.2867301 0.8007379 0.3532581 0.4078587 0.8255346 0.9113647 0.8460796 0.7986134 1.1387853 
1 7 0.4247985 0.9874206 0.6074017 1.1943385 1.1751841 0.3369149 0.3017320 0.0281063 0.7755347 0.0526044 0.3549848 0.2777701 
1 8 1.1458733 0.5388726 1.1261608 1.0325960 0.0478220 0.6617708 0.6461682 0.6382648 0.3720081 0.7545740 0.3602044 0.0883170 
1 9 0.3873795 0.7013402 0.4592687 0.1587126 0.6229901 1.0868247 0.5205359 0.9277289 0.7860278 0.1667150 0.8179027 0.1040159 
1 0.3445258 1.1720162 0.8929441 0.4312985 1.1927137 0.5639167 0.3490241 1.1554275 0.6875944 0.2780773 0.5307151 0.7813537 
1 11 0.0831331 0.7171276 0.4702332 0.9338521 0.6777555 0.8583126 0.1612429 0.9120252 0.9664511 0.2626853 0.0035322 0.3297323 
1 12 0.1297348 1.0038537 0.8037916 0.1345442 0.5095891 0.1500031 1.1026635 0.2254651 0.1587382 0.5236595 0.6082176 0.1556028 
1 13 0.3537135 0.8882669 0.9703029 0.9815889 0.1840197 0.5745094 0.1507981 1.0435884 1.0565935 0.4883080 0.9752145 0.1212755 
1 14 1.1137550 0.0386481 0.2879607 0.7883295 0.4710581 0.3997246 0.9244416 0.6407529 0.2015128 0.2894022 0.1201472 0.4102105 
1 1.1541664 0.4285464 0.7853174 1.0413543 0.9215108 0.4246917 0.0239380 0.1382198 0.2245466 1.1870604 0.4396621 0.5057966 
1 16 1.0631307 0.8069088 0.9565155 0.3542480 0.0813060 0.3874497 0.0500384 1.1329369 1.0675565 0.3404673 0.5032608 0.9806213 
1 17 0.0598692 0.7723593 1.0605714 1.0943860 1.0045519 0.1325842 0.0627904 0.9959790 0.3425626 1.0221077 0.5531616 0.9726785 
1 18 0.0700900 0.1583829 1.1926875 0.0149045 0.5260646 0.9138528 0.9083484 0.4941159 0.5142014 1.0792261 1.0086657 0.3954638 
1 19 1.0172755 0.9267110 0.0172941 0.8151985 0.3392861 0.8756710 0.4521253 0.7092411 0.8220213 0.8972647 0.1789215 0.6612951 
1 1.1205631 0.5795498 0.2622965 1.1800852 0.0998920 0.8693987 0.4817324 0.9842759 0.4744441 0.7931610 0.6682863 0.4783085 
1 21 0.8240074 0.0207781 0.5954154 0.9230984 0.2156308 0.4793842 0.5533555 1.0354790 0.5061000 0.0866735 0.6814743 1.1506631 
1 22 1.1804455 0.2833504 0.4495181 0.2631563 0.6133755 1.1290661 0.4154074 0.0408373 0.4873830 1.1971353 0.5922452 1.1907228 
1 23 0.7665640 1.0552730 1.0089826 0.8384905 0.2754498 0.5551943 0.4220539 0.5360028 0.2492605 0.8741171 0.3090030 1.0746046 
1 24 0.7518466 0.1871500 0.4674471 0.1413659 0.4530526 0.2603812 1.1679122 0.0128813 0.7473027 0.7827610 0.2907536 1.1703291 
1 0.1005391 0.9607032 1.1135169 0.1766030 0.6648941 1.0764599 0.7202375 0.2335426 0.5465157 0.1707806 0.1447755 0.7723691 
1 26 0.2700999 0.5017904 0.2149969 0.8061909 0.4981132 0.6518806 0.3176568 0.0970426 0.2334024 1.1454820 1.1315173 0.9084007 
1 27 0.5038364 0.0127421 0.3599027 0.7143260 0.8140581 0.0626248 0.5709524 0.8527188 0.1151996 1.0950342 1.1007156 0.0307151 
1 28 0.5972388 0.4041907 0.2250784 1.1351703 0.4125801 0.7485700 0.1867574 0.2946766 1.1523924 0.2237699 0.9563971 0.4023040 
1 29 0.4328085 0.9581458 0.1216657 0.0745722 0.4269842 0.6081415 0.6318056 0.8055940 0.0684980 0.9770143 0.2773692 0.6367884 
1 0.8518393 0.3212539 1.1831085 0.4805996 0.3087242 0.7637074 0.2738558 0.6595938 0.4182312 1.1223065 1.0682915 0.5355556 
1 31 0.8811701 0.5632910 1.0925999 0.5324414 0.5632229 0.5960226 1.1887516 0.6270556 1.0207483 0.9488535 0.8352504 1.1485272 
1 32 0.5104390 0.6467937 0.3669776 0.7091419 1.1038441 1.1701880 0.0330265 0.8898659 0.3691453 0.0251029 0.6278800 0.9514545 
1 33 0.1889664 0.8179359 0.2020374 0.4545032 0.1590509 0.0857378 0.3835675 0.8381442 0.2707743 0.5315828 1.1668311 0.2380287 
1 34 0.2224134 1.0190370 0.6208698 0.6959477 0.4848133 1.0083507 1.0292833 0.2682756 0.8325972 0.9915035 0.2802922 0.2239994 
1 0.5891162 0.7417753 0.8894118 0.4956199 0.5734597 0.2534253 0.9833746 0.1870750 1.1370610 0.0782513 0.2689955 0.7511064 
1 36 1.1694108 0.8662052 0.8103384 0.7248794 0.4381039 0.2265009 0.9900426 0.7762748 0.7056527 0.6326106 0.8524845 0.3110372 
1 37 0.4786493 0.0803770 0.1401505 0.6207126 0.9309039 0.7569876 0.1321892 0.8728087 1.0366710 0.8111077 0.4155347 0.0412881 
1 38 1.0381828 0.5210140 0.5787255 0.6484217 1.0965850 0.5235299 0.1029370 0.7636911 1.1889260 1.0622932 0.5629322 0.5450111 
1 39 0.5259089 0.9105050 0.5163236 0.1281554 0.1208996 0.8207130 0.5662090 0.3272207 0.5661943 0.3503184 0.8011908 0.3037540 
1 0.2831007 0.6241930 0.0372872 0.8940811 0.2228235 0.2809300 0.5134552 0.0581287 0.8191113 1.0055698 1.0225226 0.1313178 
1 41 1.0287964 0.3141985 0.9094615 0.3373115 1.1534533 0.3290696 0.5989086 0.8107954 0.6405617 0.8019855 0.9433654 0.1191180 
1 42 1.0537317 0.4789060 0.4049424 0.3210719 0.9430135 0.1899415 1.1215001 0.0752256 0.7957731 0.3289370 1.0735120 0.4652746 
1 43 0.6838139 0.4554747 0.2796927 0.1034354 0.0352487 0.6985866 0.2499764 0.6089464 0.3251546 0.6118472 0.8624567 0.2623186 
1 44 0.2380314 0.2044139 0.1590749 0.9405089 0.6559679 0.5364115 0.5364816 0.3614354 0.4609214 0.1856151 0.0442942 1.0240803 
1 0.2695817 0.5870485 0.3116595 0.0405774 1.0297623 0.7322556 0.8988894 1.0190603 0.3999124 0.7616646 0.4222136 0.5176546 
1 46 0.8434046 0.8466314 0.4187904 0.8209990 0.8397281 1.0233317 0.0009577 0.9604678 0.6120980 0.8678461 0.1941893 0.8488824 
1 47 0.0215039 0.3812900 0.1824253 0.9596480 0.2092466 0.3100773 0.8064858 1.1220847 0.4477197 0.5636838 0.3235395 0.4811812 
1 48 0.6383915 0.0668246 0.7323819 0.3490295 0.5373391 1.1954418 0.7031401 0.1051663 0.4535415 0.8588324 0.0258331 0.7602727 
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Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

1 49 0.6663152 0.2149013 1.0871995 0.9100780 0.8839803 0.5817384 0.8868249 0.9061724 0.9491932 0.7252542 0.2290034 0.0618875 
1 50 0.8328004 0.4341146 0.3920387 0.6714147 0.7148296 0.1955624 0.3706591 0.5420089 0.0782005 0.6522027 0.4684685 0.0704530 
1 51 0.8119017 0.7605139 0.0541995 0.0530866 0.7428447 1.1149914 0.6068168 0.1140219 0.2526379 0.3728624 0.4881348 0.3577800 
1 52 0.6228721 0.9774031 0.5873336 1.1641807 0.9872529 0.9443085 0.9635871 0.3194205 0.0554524 0.2447167 0.7792361 0.0112995 
1 53 0.7308682 0.7322445 1.1661770 0.4112820 0.0672677 1.1404016 0.4693613 0.0314736 0.6693529 0.1443893 0.8477615 0.1606662 
1 54 0.4895296 0.1297654 0.3249296 0.1969896 0.7387391 0.6300886 1.1786541 0.1298038 1.0025562 0.7799321 0.7560902 1.0926307 
1 55 1.1921247 0.3691076 0.4872696 0.6500148 0.1426367 1.0920806 0.8396394 0.4674217 1.1218152 0.0319902 1.0326448 0.7028245 
1 56 0.2098407 0.1688392 0.9488572 0.7360461 1.1329632 0.9275146 0.8549835 0.4311617 0.1324523 0.0479483 0.4963420 0.5965221 
1 57 0.3640807 1.1572095 0.6130332 0.4435378 0.5109628 0.7819728 0.7554668 0.3874395 0.0319266 0.8238777 0.8200016 0.6266534 
1 58 0.7237567 0.2257261 1.0781659 1.1420906 1.0615598 0.4538135 1.0076114 0.3487967 0.7610389 0.0931030 1.1920183 1.0005168 
1 59 0.0408059 0.5439352 0.8727179 0.8780372 0.1938023 0.9938209 0.2328264 0.9547506 0.9360789 1.1565083 0.2086519 0.7379695 
1 60 0.0063165 0.6588181 0.7687972 0.8610497 0.8911062 0.8850389 0.7315817 0.8987250 0.1935107 0.9826256 1.1723043 1.0125836 
1 61 0.5421242 0.3357983 0.0661583 0.2502053 0.2975602 0.1417516 0.6907296 0.4244070 0.8807553 1.1761539 0.1598064 0.1953755 
1 62 0.9739873 0.8719553 0.3384258 0.0937403 0.4682085 0.5151328 0.6244480 1.1987316 1.0754747 0.0080142 0.6300319 0.4383655 
1 63 0.3225316 0.1454780 0.6434772 0.6183074 0.0581454 0.1137857 0.6756461 0.7849608 0.3189201 0.2382126 0.4052683 0.8324034 
1 64 0.3738117 0.7826970 0.9110874 1.0596536 0.1188078 0.5473746 0.9769619 0.1553987 0.5583492 1.1360645 0.7483689 0.9927969 
1 65 0.9809097 0.1054644 0.7799894 0.6073199 0.3834382 0.2481087 0.6851289 0.5731044 0.5901128 0.4261334 1.1142252 0.6077450 
1 66 0.2537007 0.6769949 0.3086453 0.5249976 0.4456382 1.1547320 0.9421302 0.4752612 1.0929866 1.1064464 0.9331393 0.3388283 
1 67 1.0798321 1.1066956 0.8505934 0.0886270 1.0176367 0.9502497 0.7426627 0.6175206 1.0442326 0.9676803 0.5744645 0.0578717 
1 68 0.9502494 0.9435204 0.1398165 0.7570034 1.1853942 0.4178427 1.1545824 0.4060686 0.3889284 0.9326503 0.3989056 0.2153805 
1 69 0.2433527 0.1326575 0.2994783 1.1789594 0.1711640 0.2308714 0.7921458 1.0875786 0.4342156 1.0409151 0.4786223 0.8889075 
1 70 0.3083376 0.1990203 0.3869307 0.5842429 0.7854696 0.7783076 1.0776650 0.9483175 0.8986668 0.2175257 0.3779711 0.9469060 
1 71 0.0900046 0.5966515 0.3489464 0.5102866 0.0055573 0.4845883 1.1126935 0.7594511 0.6006217 0.5123451 0.7605780 0.2893459 
1 72 0.4034348 1.0688699 0.1942316 0.6874835 0.3926585 0.6748714 1.0384085 0.5639237 1.0113362 1.0880111 0.8960362 0.8606561 
1 73 1.1731050 0.6383467 0.8436304 0.5493873 0.0104892 0.3033700 0.1288901 0.4869242 0.8047052 0.6003107 0.0992285 1.0433047 
1 74 0.4643325 0.0596751 1.1312363 0.2074464 0.3662489 0.1270069 0.7849191 0.3731805 0.3509845 0.0189256 0.6579168 0.2020005 
1 75 0.0173664 0.3422776 0.9363695 0.0306216 0.6436532 0.6877710 0.3632000 0.2732799 0.6584046 0.7149991 0.1333495 0.1771163 
1 76 0.9002900 0.5116704 0.2572188 0.7418588 0.7554137 1.1013777 0.4911601 0.6872260 0.4026138 0.9572350 0.5288709 1.1276778 
1 77 0.6037094 0.2547657 0.4958731 0.2261090 0.3456571 0.1799125 0.5009690 0.8631002 0.5281777 1.0397427 0.0179954 0.4230828 
1 78 0.3104274 0.3726899 0.6512266 1.1203751 0.2804484 0.9856980 0.4332193 0.1942294 0.2954508 0.6921218 0.0747126 0.8991603 
1 79 0.5635280 1.0305622 1.0123014 0.5715069 0.9183353 0.4437053 0.9187665 0.5988764 0.9792513 0.5761602 0.1653451 0.3703100 
1 80 0.9940311 0.6157773 0.1730168 1.1080396 0.2626545 0.7958467 0.9555755 1.1743806 0.7120362 0.3016220 0.1033405 0.9255256 
1 81 0.4467526 0.8321395 0.1638895 0.9743252 1.0494352 1.0376940 0.3914049 0.7281134 0.3067022 1.0160216 0.9962293 0.0922462 
1 82 0.9244612 0.6859700 0.8293194 1.0007431 1.1153228 1.0468622 0.7759632 0.7427118 1.1061674 0.6671323 0.2134494 0.8251613 
1 83 0.1706887 0.1155916 0.7913427 0.8524872 0.9703355 0.6273396 0.0802091 0.3358030 0.8581821 0.6719520 0.3859022 0.9380421 
1 84 0.8036437 0.0910579 1.0579285 0.4040752 1.0888298 0.9665558 0.2274823 1.0277824 0.0482226 0.4107312 0.4542150 0.2574109 
1 85 0.9433588 0.4117014 0.7259802 0.2960371 0.3594145 1.1832677 1.1934469 0.9388456 0.6762143 0.0692021 0.0806845 0.3823675 
1 86 0.7859507 0.7294585 0.4200005 0.0279963 0.3140325 0.2967367 0.2099397 0.7309846 0.5868586 0.8845851 0.3304588 0.2420525 
1 87 0.6795529 0.0763496 1.1474889 0.6313649 0.6951873 0.3788525 0.4734560 1.0941472 1.1787852 0.1952784 0.6460254 0.7429715 
1 88 0.1480122 1.1143291 0.2388020 0.7638209 0.9024409 0.9742308 0.8787928 1.0675063 0.2164926 0.1381263 1.0524590 0.6871132 
1 89 0.8740236 0.4920706 0.9851017 0.3832795 0.7742606 0.0467135 0.2124366 0.1461963 0.8441854 0.5568655 0.7290777 0.6900838 
1 90 1.0972790 1.1914448 0.8638593 0.7937935 0.5530771 0.5073503 1.0653492 1.1145460 0.7337545 1.0536380 1.0973322 0.6122946 
1 91 0.6193566 0.3566487 0.3725314 0.3062608 0.9547246 0.0337103 0.2521981 0.3929194 0.1274027 0.1005673 0.2465434 0.5743106 
1 92 0.4538599 0.4859894 0.6338080 0.8889668 0.7299904 1.0652492 0.7674707 0.2432760 1.0893207 0.5461804 0.6775718 0.6548332 
1 93 0.2147606 0.8552837 0.1123319 0.1882761 0.2311258 0.2755154 0.3554226 0.6912552 1.1417985 0.1274976 0.6130011 0.8565924 
1 94 0.7735375 0.1724924 0.5572761 0.2768529 0.3291358 0.6465677 0.1109764 0.6776122 0.0194624 0.7071496 1.1531970 1.1855340 
1 95 0.0399998 0.2398431 0.7165381 1.0895713 0.8531835 0.4619117 0.8463926 0.7903370 0.7266882 0.6244529 1.1405046 0.7207420 
1 96 0.1664366 0.6918167 0.6681025 0.7771293 1.1207488 0.0568660 0.2964549 0.3520311 0.1781231 0.3876760 0.3158467 1.0601459 
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AEWC ICAS NSB

Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

1 97 0.1394059 0.6689669 0.5443725 0.4602449 0.2532056 0.2114848 0.7171396 0.0072066 1.1192171 0.4529366 0.3468090 0.5569426 
1 98 0.1945571 0.9379262 0.5285213 1.0272198 0.3710837 1.1683682 0.8664243 0.2069300 0.6286141 0.1134546 0.1152002 1.1618812 
1 99 0.6496167 0.9044236 1.1530211 0.3680170 0.7916018 0.0191470 0.5844736 0.7179935 0.1617281 0.4796051 0.9199728 1.1129277 
1 100 0.9611030 0.8902537 0.1017843 0.5043872 0.5439593 0.2063088 1.1456269 0.4172104 0.5310689 0.4300778 0.9807008 1.0566851 
1 101 1.0825915 1.0953904 0.5656404 0.9098573 0.8667526 0.7242813 0.5414993 0.2546661 0.1068115 0.4402613 0.0652224 0.4522671 
1 102 1.0440148 0.0443189 0.0760961 0.9958590 0.7079556 0.4900675 0.2677134 0.5508316 1.1666723 0.8313895 0.7044684 0.4442002 
1 103 0.4916071 0.7598527 0.9215160 0.2127746 0.8209470 0.7197652 1.1396190 1.1671132 0.3378321 0.6438198 0.0500752 1.0894517 
1 104 0.5336884 0.8258612 0.7092728 0.4764436 1.1688051 0.4087006 0.0110482 0.5086867 0.6929563 1.1140697 0.8848475 1.0397646 
1 105 1.0035236 1.1851699 0.4302558 0.5662399 1.0789635 0.0744770 0.6501833 1.0556736 0.2639904 0.4977590 0.4432624 0.3435970 
1 106 0.7076802 0.5590344 0.6885238 0.1698559 0.6341530 1.0553357 0.0702983 0.9755047 0.1892695 0.4014846 0.8741249 0.8111090 
1 107 0.9114653 0.0089201 0.0865299 0.8493197 0.6831313 0.1021805 0.9384150 0.2105730 0.1489949 0.4672663 0.9273781 0.7968914 
1 108 0.6948385 1.1265410 0.0024350 0.2380544 1.1453414 0.0037961 0.3212953 0.0613082 0.9022307 0.9093575 0.5805260 1.1007781 
1 109 0.8691097 0.2711683 0.0251845 0.0097833 1.0540301 0.3421482 0.6646295 1.1470430 0.9227068 0.3620734 0.6955890 0.9676033 
1 110 1.1038099 0.4499382 0.9964645 0.5947531 0.7646370 0.8307359 1.0820926 0.4584027 0.0957373 0.5892027 0.7899857 0.6792971 
1 111 0.3909594 1.0493159 0.0492603 1.1588421 0.5908718 0.3603416 1.0957299 0.8419856 0.8751548 0.2510445 1.1879777 0.5846009 
1 112 0.7111055 0.7988265 0.6796907 1.1128368 0.1389678 0.0950267 0.1401012 0.4421211 0.7573840 0.3160228 1.0416629 0.1834947 
1 113 0.7902870 1.1430187 0.2479798 0.2447357 0.1691979 0.8425701 0.0469948 0.5171542 0.0024112 0.2090175 0.2540716 0.7193363 
1 114 0.4182332 0.2977804 0.9662780 0.1111280 0.4014386 0.8159074 0.3352021 1.1825674 0.9512311 1.1693847 0.2393260 0.5660539 
1 115 0.9360804 1.1308895 1.0329244 0.6689117 0.0783962 0.0244491 0.8251893 0.5231447 0.0887800 0.7440292 0.1830453 0.1414893 
1 116 0.6563665 1.0840032 1.1740964 0.4280144 0.1090967 0.6160936 0.0909516 0.0871672 0.4295783 0.5962272 1.0119651 0.9140096 
1 117 0.7408459 0.2400084 0.0958598 0.3759774 0.8413113 0.8909996 0.4420736 0.1696810 0.5798625 0.3393290 0.7377587 0.3630644 
1 118 0.1599052 1.0752863 1.0454953 1.0157576 0.0227733 0.7016071 0.2849252 0.5833631 0.8602957 0.2987324 0.7127897 0.2901483 
1 119 1.1337973 0.9967061 0.6909351 1.0718049 0.6049245 1.0194438 1.0189450 1.1087924 0.2885669 0.7304072 0.5492890 0.8059857 
1 120 0.3399826 0.3036971 0.5358561 0.3197833 0.9926754 0.9301016 0.1994812 0.2808055 0.9889225 0.1584014 0.9690094 0.0272741 
1 121 0.5541823 0.3999362 1.1062029 1.0637916 1.0397597 0.1631089 1.0440435 0.3071434 1.1979732 0.9227708 0.0302372 0.0058736 
2 122 0.4347571 0.3783314 0.4394866 0.4339370 0.3764429 0.4384478 0.4345150 0.4358145 0.3797821 0.4384246 0.2477097 0.3747210 
2 123 0.2504861 0.8488454 0.3753440 0.0004880 0.4772310 0.8499457 0.3738077 0.3733462 0.8468136 0.3771168 0.4660518 0.2481763 
2 124 0.0996676 0.2530195 0.4795088 0.6410993 0.4615674 0.1535057 0.8512735 0.2493404 0.6198815 0.8492684 0.6194480 0.0997632 
2 125 0.1790368 0.0957299 0.4631706 0.1481643 0.1796669 0.3203669 0.0967088 0.4638470 0.3012058 0.0997235 0.3045342 0.6172764 
2 126 0.3050207 0.1748074 0.6138618 0.2199170 0.3025145 0.8372337 0.4606682 0.0000816 0.8359914 0.4646305 0.2945985 0.3262066 
2 127 0.6428149 0.0005259 0.1741490 0.6856659 0.3240202 0.5318804 0.1575913 0.3062242 0.5522562 0.6173711 0.1888696 0.2992059 
2 128 0.8394698 0.6423004 0.3065618 0.7702485 0.5295498 0.2157159 0.1739015 0.3235886 0.5803111 0.1785957 0.1522652 0.8349625 
2 129 0.5313747 0.8378094 0.8389717 0.7858529 0.1922272 0.4008900 0.5327903 0.5317277 0.6507205 0.0057959 0.6507124 0.5267826 
2 130 0.5511952 0.5283306 0.1882426 1.1733323 0.1533308 1.0316944 0.5517005 0.1473968 1.0314711 0.3234483 1.1382856 0.1919978 
2 131 0.5820802 0.5491617 0.5515194 0.4232352 0.6525805 0.6828303 0.3946649 0.6492233 0.4420137 0.8395256 0.7720750 0.5510968 
2 132 0.3983390 0.1481713 0.1467786 0.5394893 0.3983698 0.2877281 0.2189084 0.3975488 0.6863967 0.1866704 0.7816559 0.1505100 
2 133 0.4424629 0.5816439 0.5826339 0.2692290 0.9938376 0.8659556 0.4040288 0.2177313 0.7685792 0.5485602 0.5365927 0.6531331 
2 134 0.2875828 0.4436773 0.3955518 0.3109141 0.2872865 0.7704618 0.9951886 0.6865620 0.1454512 0.1478960 0.9467501 1.0290675 
2 135 0.8648962 0.2930462 0.4465097 0.9493013 0.8613035 1.0700413 0.2894052 0.2923531 0.2789374 0.5843400 0.0688242 0.9991229 
2 136 0.7728854 1.1350158 0.6822612 0.0674627 1.1396728 0.7396616 1.0669382 1.1389464 0.4246680 1.0322216 1.1984167 0.6826847 
2 137 0.1429797 0.2750878 1.1374911 0.7056885 0.7668095 0.2716469 0.7377409 0.7730270 0.5393064 0.9967206 0.7241054 1.0687380 
2 138 1.0711386 0.4224029 1.0673019 0.3620659 1.0683431 0.0682239 0.3116789 0.2791384 0.9450619 0.6800270 1.1653192 0.9428806 
2 139 0.2764574 0.7345191 1.1725083 0.5440146 0.4249558 0.6717169 0.9505015 0.9451763 0.9852209 0.8633594 1.1256544 0.2727402 
2 140 0.7342443 0.3108649 0.9464182 0.2548177 0.2726863 1.1626182 0.6694669 0.7373466 0.7219402 0.7694939 0.4803592 0.6669972 
2 141 0.6726334 0.9467558 0.7390719 1.1504499 0.9478321 1.1255826 1.1616341 0.0683476 0.3619602 1.0688398 0.2223627 1.1981265 
2 142 1.1952745 1.1951636 0.2696872 0.9180834 0.6681703 0.5459425 0.2252156 0.7225888 1.1620348 0.5381532 0.5405245 1.1230760 
2 143 0.7048283 0.9856058 0.0695041 1.1309877 1.1952802 0.9243478 0.4992480 0.7049133 0.4839879 0.9404268 0.9233451 0.7543253 
2 144 1.1632908 0.7231122 1.1981375 0.3318560 0.9850535 0.4963642 0.2574212 1.1601850 0.2560100 0.7361183 0.0869708 0.5119522 
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AEWC ICAS NSB

Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

2 145 0.4811002 0.3637865 0.8236876 0.9004331 0.7258008 0.0886399 0.5119819 0.4856412 0.5107281 0.2714297 1.0023046 0.0797063 
2 146 0.7548605 0.9253106 0.7041366 1.1134460 0.7053780 1.1501297 1.1482022 0.9248681 0.9143957 0.3086528 0.9042480 0.6274652 
2 147 0.4991366 0.4968870 0.3646440 1.1916336 1.1602014 0.5064648 0.0777858 0.5011309 1.1291927 0.7055921 0.3342317 0.9041058 
2 148 1.1523798 1.1489725 0.4848106 0.8558049 0.2538015 1.0002507 1.1328672 0.9146957 0.3287672 1.1611011 1.1739364 0.9559891 
2 149 0.0779189 0.6268976 0.5101964 0.8291548 0.0869571 0.8972362 0.3299506 1.1900553 0.9581634 0.4836098 0.3719204 1.1776020 
2 150 0.6332429 0.9188469 0.0907764 0.9689467 1.1525783 0.9584322 1.0052135 0.8552969 0.9683810 0.2574029 0.8574974 1.1150189 
2 151 0.9146933 0.3305835 0.6321535 0.8693102 0.5059246 1.1741491 0.9062064 0.8280718 0.8672973 1.1500303 0.8329413 0.0175597 
2 152 1.1310774 0.8964961 0.9152597 0.1169365 0.6280908 0.3725997 1.1153912 0.0152051 0.1710873 0.9143818 0.8700947 0.8732881 
2 153 0.3332584 1.1763723 0.3313425 0.4882488 0.8977492 1.1929392 0.8296493 0.9678408 0.8913948 1.1313409 0.6916272 0.4889000 
2 154 0.8997078 0.0155127 1.0004865 0.6543136 0.8578286 0.9089645 0.0199176 1.1431119 0.7451200 0.9013094 0.1721508 1.1439892 
2 155 0.9583095 0.9714172 0.9032611 0.5189847 0.9074358 0.9685779 0.9702703 0.3419492 0.8100899 0.6574783 0.5138323 0.1699885 
2 156 1.1736959 0.3496458 0.8992561 0.3440010 0.8277993 0.6552020 0.8723009 0.8754726 0.6226790 0.5168194 0.8927224 0.3483581 
2 157 0.3675159 0.5172954 0.8558087 0.4510152 0.0162723 0.1679696 0.1141068 0.4500344 0.2286335 0.8871914 0.3401152 0.6026835 
2 158 0.8566358 0.8797844 0.1175521 0.8104667 0.4909966 0.2384064 0.6560642 0.6257264 0.1822995 0.2282695 0.7450941 0.2303911 
2 159 0.9730404 1.0392522 0.6567231 1.0374035 0.6884874 0.7451637 0.3450514 0.6005212 0.1377638 0.6745808 0.4469808 0.8437091 
2 160 0.6885289 0.6061837 1.1439956 0.6006679 0.3505907 0.4482219 0.2374644 0.2324270 0.4108994 0.2024172 0.8074107 0.1391790 
2 161 0.3496002 0.2289213 0.3434034 0.2294732 0.5170721 0.8106692 0.8122364 1.1052620 1.0618421 0.3808062 0.6232917 0.9756645 
2 162 0.5143363 1.1034895 0.8791944 0.8405430 0.2391253 0.6236594 0.6030002 0.1851102 0.0129462 1.1108639 1.0340198 0.7306710 
2 163 0.2300600 0.1821170 1.0370247 1.1001977 0.8078648 0.6058356 0.1825928 0.4116335 0.1005700 0.8151235 0.6040200 0.0206612 
2 164 0.1846408 0.1359987 0.6005409 0.1818211 0.2049399 0.1853284 0.1343733 0.5780480 0.3800708 0.6958483 0.8400610 0.8157891 
2 165 0.4116159 1.0653080 0.2285099 0.6743595 0.9750334 0.1373917 0.5734584 1.0624645 1.1067013 0.7938740 0.4116562 0.8802466 
2 166 0.2054868 0.8855370 0.4070852 1.0788432 0.1002700 0.0122676 0.2000048 0.2039345 0.2076443 0.0545762 1.0607013 0.2103589 
2 167 0.0123081 0.2084948 0.9791942 0.5770286 1.1071512 0.3850075 0.8859341 0.3834993 0.6958272 0.1607133 0.2033676 0.6978422 
2 168 0.3856811 0.6935382 0.0078107 0.2005618 0.7934296 1.1105365 0.6962668 0.0249135 0.7906018 0.1222077 0.0113743 0.7125374 
2 169 1.1071177 0.7068180 0.3850962 0.7314119 0.1330049 0.7085811 0.7098935 0.8195106 0.4685092 0.6628371 1.1132197 0.0500408 
2 170 0.8189639 0.0469809 1.1086431 0.0234205 0.1613147 0.7926698 0.7979974 0.8842302 0.1203309 0.9396893 1.0567030 0.7880266 
2 171 0.0511930 0.8033701 0.8194717 0.8853698 0.9382821 0.4696467 0.0580498 0.6935051 0.6632765 0.0466350 0.1306246 0.4728450 
2 172 0.7942328 0.7928944 0.8800031 0.0580120 0.0461975 0.1242217 0.1242719 0.0491110 0.0465356 0.4587607 0.0595646 0.4586944 
2 173 0.4679694 0.1619946 0.2126680 0.1611129 0.5984877 0.9351821 0.0444081 0.7965035 0.5968069 1.1855030 0.6607358 1.0520706 
2 174 0.1262387 0.4682260 0.6972260 0.4680512 0.4578509 0.0441756 0.4555694 0.1608871 1.1839688 1.0490764 0.9356575 0.9602205 
2 175 0.9878132 0.1241454 0.7971520 0.1225953 0.0319454 0.9929974 1.1856370 0.1218700 1.0466814 0.9650182 0.5945209 0.7751421 
2 176 1.0514726 0.6652530 0.1303149 0.6648355 1.0431066 0.0271004 1.0509714 0.6622862 1.1571397 0.0630011 0.9917806 1.1552371 
2 177 0.0278268 0.7760478 0.6644083 0.9930092 0.0633493 1.0438647 0.7639370 0.9904412 0.0612050 0.1112595 1.1812060 0.1066877 
2 178 0.1104832 0.0271162 0.0431333 1.0488843 1.0862254 0.1083730 1.0215907 1.0495478 1.0806216 1.0846116 0.9650287 1.0843254 
2 179 1.0078035 1.0417757 0.9911948 1.0807838 1.0122289 1.0812574 0.6369558 0.1114786 1.0969063 1.0067561 1.1557427 1.0969008 
2 180 1.0225514 0.0644799 1.0494652 1.0088781 0.5552953 1.0992522 0.0364432 1.0822213 0.5210558 0.3570844 0.1067356 0.0344018 
2 181 1.0873406 0.1096820 0.0293639 1.0230874 1.0240591 0.3539019 1.0913754 1.0088580 0.3575055 0.6378066 0.5222652 0.2815761 
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AEWC ICAS NSB

Stage Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
a 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 
1 1 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
1 2 0.5121882 0.0341276 0.8547828 0.8540070 0.2761077 1.1127229 0.6560251 0.5360635 0.1582792 0.6733407 1.1388141 1.0607793 
1 3 0.7581993 0.4037377 0.6980373 0.9669171 0.8831168 0.0616131 1.1655932 0.6248513 1.1068460 0.9553568 0.1929159 0.1468504 
1 4 0.2142724 1.0120975 1.1225356 0.6120882 1.1346647 0.0758992 0.7042327 0.3125207 0.9091518 0.6616545 0.0146600 0.3141045 
1 1.1764554 0.3941004 0.5618578 0.1841616 0.4666042 1.0272443 0.2104007 0.0057966 1.0775076 0.8801210 0.7396340 1.1982589 
1 6 0.1427332 0.6818600 0.3414118 0.4521920 0.9179738 0.8257675 1.1217603 0.4030331 1.0640219 1.0152217 0.9790792 0.1321865 
1 7 0.5079761 0.6453140 0.1572046 0.6511628 0.8140566 0.7082153 0.5950600 0.0863221 0.5629916 0.9952257 0.5881954 0.0078591 
1 8 0.1149864 0.7273411 1.0684339 0.6462410 0.6949114 0.2533856 1.0218678 0.7444349 0.5015792 0.5512290 1.1735248 0.0973024 
1 9 1.1309576 1.0709528 0.7942981 0.1095703 0.6604621 0.1390646 0.2590020 0.3557028 0.6341062 0.0040392 0.5435313 1.0442773 
1 0.8896218 0.5377298 0.5415595 0.5938803 0.4073465 0.0211485 0.9451317 1.0312609 0.8692348 0.0667818 0.3160721 1.1506952 
1  11  0.1226411 0.1062694 0.2944807 0.0678650 0.5868822 0.3660726 0.5432285 0.1437005 0.2529511 0.1777648 0.4852635 0.4910986 
1  12  0.3085604 0.2686047 0.5746464 0.7090021 0.7964991 1.0377235 0.4917900 0.0490631 0.2337186 0.0574664 0.5011953 0.5199177 
1  13  0.1792716 0.8213107 0.6641962 0.7206280 0.3514086 0.9734983 0.4392120 1.0182454 0.1340144 0.0753678 0.2110881 0.8465463 
1  14  0.9646380 0.1901553 0.4006305 0.7804041 0.1785368 0.5059177 0.8226188 0.7194329 0.0478359 0.3876849 0.1153075 1.1386307 
1 1.1866555 0.4485138 0.6857038 0.7781675 0.9816085 0.8905811 0.6477563 0.7774397 0.1091890 0.2575453 0.3648815 0.5462543 
1  16  0.2838314 0.8004675 1.1654032 0.4893580 0.8605708 0.5444480 0.9786687 0.5104126 0.0150476 0.7218153 0.3394353 0.5007389 
1  17  0.4406250 0.8684011 0.4237429 1.1882419 0.6854046 0.4426224 0.3304786 0.6845873 0.0962717 0.5834642 0.8272666 0.6463211 
1  18  0.4196526 1.0884810 0.7086468 1.0620264 0.5356230 0.9834231 0.4615988 1.0283238 0.8044105 0.5065773 0.6194463 0.9651471 
1  19  0.0485984 0.0166111 0.8958920 0.8969457 0.2698028 0.5577388 0.0033864 0.9720938 0.2763288 0.2007758 0.7855570 0.3722160 
1 1.0118677 1.1213266 0.3765758 0.9772209 0.7725627 1.1624951 0.4870635 0.1392603 0.7232696 1.1418762 0.3900224 0.7089958 
1  21  0.5200988 0.5504163 0.7465379 1.1179384 0.4556765 0.9972233 0.2737103 0.0982119 0.4792766 0.0226487 1.0543814 0.8628413 
1  22  0.7731453 0.3243314 0.6373007 1.0448833 0.3424345 0.6010087 0.7774580 0.3297444 1.1364413 0.6371987 0.8192159 0.2129809 
1  23  0.3148446 0.1541219 0.3802394 1.1737444 0.8360562 0.1585607 0.6143988 0.0146194 0.9573977 0.1410719 0.3015603 0.9101399 
1  24  0.7909162 0.0461797 0.4690228 0.4703477 0.6721378 0.1291757 0.7654266 0.8259912 0.5250606 1.1770158 0.4542205 0.2252993 
1 0.1666268 0.3151497 1.1310911 0.7386704 0.6345515 0.3023991 0.5162225 0.7829255 0.2090953 1.0938800 0.9322293 0.6871697 
1  26  0.1390187 0.2296113 0.7228832 0.1987151 0.6074632 0.2916104 1.0500849 1.0638402 0.1673823 0.6221095 0.6079213 0.1782927 
1  27  0.7329436 0.5132311 1.1821776 0.5229240 0.7450088 0.3594411 0.5208208 1.0726046 0.4826325 0.6824586 0.5952797 1.1607914 
1  28  0.6361218 1.0482813 0.5909954 0.9965303 1.1515396 0.5239055 1.1194001 1.1789603 0.4399338 0.9236552 0.3487021 0.4617092 
1  29  0.8717374 1.1976842 0.4987430 0.5657931 0.0656365 0.6983759 0.6927112 0.9363229 0.4653477 0.0803681 1.0120728 1.1742794 
1 0.4374823 0.5410415 0.7622743 0.6388701 0.1331821 0.9588148 0.1256945 0.2092787 0.2241184 0.9484946 1.0951584 0.0360861 
1  31  0.3703773 0.4766455 0.0366498 0.9842654 0.9778674 0.4381384 0.1086072 0.9677663 0.6766529 0.1886052 0.7722981 1.1423817 
1  32  1.0934441 0.5943834 0.6497776 0.3473086 0.5632859 0.6647456 0.8476825 0.2643996 0.3443221 0.8315547 1.1809435 0.0288158 
1  33  1.0207924 0.6032436 0.1030355 0.8156202 0.3124687 0.6446966 0.3698373 0.9069587 0.3053574 1.0244497 0.2223671 0.0757512 
1  34  0.9994121 0.2781526 0.6012573 0.9078125 0.3752189 0.2048978 0.9393826 0.1902105 0.6181177 0.1355492 0.0593685 0.1090828 
1 0.6669191 0.3825170 1.0342826 1.1061949 0.7226285 0.5730286 0.7923145 1.1995283 0.8368655 0.0148589 0.0366978 0.4306891 
1  36  0.0873939 0.9849581 0.4877336 0.3399820 0.0715032 0.6209075 1.1984382 0.1616870 1.0989470 0.3998650 0.5247909 1.1146318 
1  37  0.6962390 0.3751715 0.5053896 1.0588096 0.5045537 0.1936246 0.8932912 0.6962902 1.1249339 1.1804457 0.7973624 1.0172490 
1  38  0.6270214 0.7734572 0.1164809 0.0380288 0.8717731 0.4529051 0.1437730 1.1446632 0.7345203 1.1576282 0.8868907 0.5607950 
1  39  0.3802591 0.2303380 0.5559545 0.1387993 1.1905586 0.7330279 0.7536472 1.1602180 1.1867068 1.0336296 0.9188183 1.0937939 
1 1.0611713 0.4247476 0.4564774 0.6895610 0.7659904 1.1361593 1.1576609 0.2753544 0.9149542 0.5997319 0.8625292 0.5287965 
1  41  0.6855578 0.4609068 0.1652070 0.2758752 0.3613665 0.4715292 1.1862895 0.7604497 0.0222140 0.9014287 0.9478034 0.0488525 
1  42  0.7121330 1.1558792 0.9045203 1.0195876 0.0210684 0.1021872 0.3230825 0.7580504 0.3760556 0.5787257 0.8554859 0.5954822 
1  43  0.6060041 0.1475700 0.3281003 0.1642177 0.4993588 0.0433883 0.0794594 0.0798259 0.1258957 0.6570094 0.2488057 0.8735003 
1  44  0.6462741 0.7956949 1.1096665 0.8685637 0.0185182 0.8317977 0.0344269 0.6499007 0.7584504 0.9138386 0.6621838 1.1857273 
1 0.0926555 0.1129459 0.0697742 0.5525765 0.2264310 1.1234920 0.3482694 0.9900840 0.3642392 0.3209036 0.5607753 0.0844199 
1  46  0.8227270 0.0762456 0.9619109 0.6643476 1.0386170 0.0018721 0.1324786 0.7353768 0.8820597 0.7181359 0.0470081 0.8386825 
1  47  0.3946197 0.9521692 0.7177006 0.3516236 0.2554711 0.6550413 1.0041584 1.0034250 1.1928390 0.2822557 1.1217312 0.2756857 
1  48  0.3308541 0.8128238 1.0884982 0.1725161 0.4498267 0.0122612 0.5632884 0.5671931 0.6944069 0.1208412 0.2578659 1.0757376 
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AEWC ICAS NSB

Stage Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
a 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 

1  49  0.4820420 0.6922849 1.1497500 0.8832789 0.6179736 1.0561406 0.1542806 0.6132265 1.0082419 1.0733913 0.5577560 0.0155872 
1  50  0.7400059 1.0224412 1.1578930 0.0823375 1.0025081 1.0795541 0.2832699 0.3320757 1.1764168 0.6156534 1.1178321 0.5563709 
1  51  1.0009904 1.1740058 0.8789136 0.7545143 0.7053475 1.1453689 0.1919982 0.8010341 0.1463922 0.5451280 0.2983713 0.4717150 
1  52  1.0570741 0.9033887 0.0957172 0.4272924 0.3309493 0.7403584 0.6311764 1.1537398 0.8294028 0.6476762 0.6321771 0.8809557 
1  53  0.6180156 0.9318881 0.0177128 0.9204995 0.6539057 0.4077894 0.9191226 0.2180180 0.1978531 0.3763516 0.7527253 0.7659470 
1  54  0.9409252 0.8581296 0.5134666 0.5089040 1.0569607 1.1528759 0.8029895 0.1876707 0.4919282 0.7906855 1.1042017 0.9798919 
1  55  0.2560906 0.6633065 0.3569076 0.5362668 0.0035555 0.8621689 0.2995555 0.9475415 1.0854514 0.7393344 0.5756615 0.3661715 
1  56  0.8913480 0.1747094 0.4410776 1.1937467 0.7538858 0.2633072 0.3797648 0.7995313 0.2667207 0.8430726 0.3755099 1.1252869 
1  57  0.4965128 1.0949547 0.2763735 0.0716667 0.1450138 0.1837188 0.8341019 0.1004239 0.0341967 1.0520388 0.7265554 0.2994954 
1  58  0.7209944 0.6374632 0.7334164 0.0940635 0.7898647 0.6710326 0.9243776 0.4404024 1.1171636 0.8291500 0.2352251 0.7144967 
1  59  0.7075065 0.3362353 0.4352716 0.3659587 0.0519720 0.8533335 1.0450945 0.8923797 0.7857700 1.0009393 0.0928224 0.6332557 
1  60  0.4259511 0.2409465 0.6267861 1.0237843 0.0381203 1.0176633 0.9589112 0.4690920 1.1632535 0.7068344 0.6851438 0.6758213 
1  61  0.0126029 1.1155164 0.9178221 0.8337338 1.0163141 0.6364037 0.4248083 0.5417899 0.3110132 0.8951646 0.1550711 0.7801731 
1  62  0.5605615 0.2526010 0.3610176 1.1635707 1.1681755 0.3315719 0.4125028 0.1265042 0.5862142 0.7636014 0.9916348 0.4401968 
1  63  1.1448818 0.4110441 1.0027867 0.1507561 1.0958783 0.1119974 0.4478839 0.4569016 0.0574310 0.4030826 1.0097761 0.5881270 
1  64  0.7691620 0.9484192 1.1989676 0.0007169 0.0982436 0.5907359 0.8776895 0.4319851 0.5343422 0.7489824 0.7198525 1.0345096 
1  65  0.0298639 0.9706431 0.0069362 0.2160110 1.1177438 1.1785163 0.4797062 0.8307541 0.1197736 0.4554776 0.8025977 0.3432824 
1  66  0.9193309 0.4353348 0.7865523 0.6718015 0.9037852 0.0897088 0.2256671 1.0881842 0.0004092 0.5178249 0.6582005 0.1232148 
1  67  0.5812776 0.7381692 1.0504026 0.4982798 0.4224210 0.7239021 1.0721439 1.0528545 0.6447778 0.9313855 0.1620514 0.9346323 
1  68  0.8001040 0.0012549 0.3117732 0.4412886 0.1557138 0.2757701 0.2331433 0.5723632 0.9374710 1.0654754 0.7695581 0.4028235 
1  69  0.6740032 0.2140348 0.2360856 0.7154949 0.9224335 0.8416134 0.0162029 0.3829397 0.7084746 0.3681351 0.1444194 0.2408134 
1  70  0.1510255 0.9214995 0.2050764 1.1218579 0.4394959 0.3925122 0.8876558 0.2488266 0.1705241 1.1056573 0.4203319 0.0519936 
1  71  0.2270157 0.0621729 0.9747061 1.0087596 0.0465250 0.2301512 0.7216795 0.3691351 0.3903229 1.1279901 1.0757514 0.7243782 
1  72  0.2931657 1.0073662 0.2158344 0.9574721 0.2163989 1.0493094 0.2685645 0.2541744 0.3861947 0.8104073 0.0664465 0.9261067 
1  73  1.1142345 0.5671122 0.0487532 0.3764937 0.3002516 0.7918725 0.3824588 0.8766498 0.4409180 0.7776678 1.1603417 0.7429990 
1  74  0.7828153 0.9644432 0.9396491 0.2988791 0.1686177 1.0617427 0.5552788 0.4769818 0.4588326 0.9839374 0.0708790 0.4865335 
1  75  1.1002495 0.6731865 0.0878913 0.6021737 0.3891416 0.5126947 0.1785300 0.9283093 0.5415255 0.3550720 1.1510223 0.1883651 
1  76  0.4018574 1.1830630 1.0134419 1.0875634 0.5963506 0.2243548 1.1009727 0.6799560 0.0693862 0.8649087 1.0669938 0.9916573 
1  77  0.3647084 1.0646570 0.0280663 0.3143689 1.0637209 0.0578180 0.4599044 0.3469433 1.0306281 0.4792029 0.3597004 0.2005547 
1  78  0.0772326 1.1673148 0.3368046 0.2427298 1.0444446 1.1893505 0.8584186 0.7281362 0.5148556 0.5302290 0.2892138 0.7758915 
1  79  1.1571463 0.8730546 0.3992093 0.7499709 1.1751614 0.1406424 0.7805649 0.0692301 0.0772894 0.8545571 0.8496763 1.0287116 
1  80  1.0317087 0.6533737 0.9425713 0.0132562 0.1108865 0.2811541 0.5840123 0.6061679 0.8149971 0.9694466 0.6230427 0.4154963 
1  81  0.4554108 0.7196280 0.1944499 1.1384106 1.1862735 0.4817250 0.1167312 0.4231322 0.8501102 0.4640740 0.9012322 0.6983495 
1  82  0.5722100 1.1360627 0.8344955 0.1234386 0.3903687 0.8023937 0.1658864 0.3048018 0.0827862 0.3398953 1.0381474 0.1609198 
1  83  0.3525686 0.0279722 1.0930123 0.4065466 1.1012676 0.4994366 0.7417865 0.2227473 0.9762581 0.2293545 1.0873765 0.4290962 
1  84  0.5991012 0.8921304 0.2229221 0.8239713 0.6267324 1.0064599 1.1469133 0.3703975 0.3329093 0.1983429 0.2741610 0.6577762 
1  85  0.5581737 0.1281848 0.5821725 0.1169783 0.6493446 0.9431543 1.0672486 0.3935274 1.1590128 0.4402215 0.5311254 0.5389946 
1  86  1.1251278 1.0391573 1.1730933 1.1531737 0.4117891 0.3272635 1.0951983 0.4996289 0.9692991 0.2911700 0.8302956 0.3240942 
1  87  0.8183507 1.1487365 0.3086718 1.0333396 0.2090771 0.0938670 0.3138841 0.2386270 0.8484121 0.6078729 0.2649214 0.6010285 
1  88  0.4646122 0.4985916 0.9224147 0.6907908 0.8281538 1.1018297 0.9841177 0.4108046 0.2138992 0.2661130 0.9531077 0.9446358 
1  89  0.2499242 0.1840309 0.2663381 0.9191547 0.2930666 0.9345871 0.8692522 1.1220893 0.4019920 1.1640168 0.0223151 0.8531429 
1  90  1.1605979 0.0544723 1.0733428 0.8060156 0.8045487 0.7706684 0.9988193 0.5887840 0.4251099 0.4896818 0.4912051 0.3856386 
1  91  0.0386239 0.8436221 0.4103703 1.1417753 0.9624321 0.8742564 0.6223656 0.8665614 0.9897958 0.8771371 1.0235917 0.7910858 
1  92  0.6557389 0.1371354 0.2871819 0.0484440 1.1255856 0.9220411 0.2030514 0.1516176 0.2991928 1.1376272 0.1347347 1.0805422 
1  93  0.8319543 0.5227796 0.1327049 0.3083390 0.5746286 0.9118940 1.1754633 0.7006276 0.6525599 0.2435844 0.0062894 0.3572264 
1  94  1.0819696 0.5064795 0.1862168 0.4682629 0.9966979 0.6119871 0.7157486 1.0913844 0.7734625 0.4385386 0.4344141 1.1024825 
1  95  0.9263675 0.5755265 0.1461668 0.0219788 0.2303079 0.3154561 0.5349805 1.1178352 0.1849811 0.0930148 0.8700931 0.7303547 
1  96  0.8447233 0.5893739 0.8145895 0.0558695 0.2841336 0.0331098 0.8149335 0.5565521 0.5760013 1.0821700 0.1204840 0.2562060 
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AEWC ICAS NSB

Stage Run 
Number 

1  97  
1  98  
1  99  
1 100 
1 101 
1 102 
1 103 
1 104 
1 105 
1 106 
1 107 
1 108 
1 109 
1 110 
1 111 
1 112 
1 113 
1 114 
1 115 
1 116 
1 117 
1 118 
1 119 
1 120 
1 121 
2 122 
2 123 
2 124 
2 125 
2 126 
2 127 
2 128 
2 129 
2 130 
2 131 
2 132 
2 133 
2 134 
2 135 
2 136 
2 137 
2 138 
2 139 
2 140 
2 141 
2 142 
2 143 
2 144 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
a 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 

0.1007800 0.9156709 0.6117795 0.2534714 0.5241975 0.1625343 0.3037654 1.1399661 0.9279176 0.6948125 1.1432442 1.0590202 
0.9011323 0.7672051 0.2469339 0.9395806 0.8496514 0.7887163 0.4040503 0.8410252 1.0519598 0.4268882 0.9696342 0.2354160 
0.3452976 0.2869784 0.8225631 0.3942335 0.1034797 0.3469756 0.0455731 0.8112436 1.0406836 0.2759751 0.9815090 0.3382408 
0.8683209 1.1050404 0.1248532 0.7690711 0.9335302 0.3760987 0.5083700 0.1789495 1.0260116 0.1192547 0.4623228 0.1995348 
0.1857193 0.9981225 0.8622167 0.4332546 0.2461607 0.7656764 0.5736187 1.1081414 0.7928378 0.0452010 0.3200785 0.1104087 
1.0710487 0.6144891 0.8072180 0.2263208 0.1901239 0.3802794 0.7365148 0.2835882 0.2492235 0.1046855 0.0850020 0.3921064 
0.9890907 1.0557948 0.6538157 0.8748701 0.9527987 0.8868223 0.6845937 1.1890178 0.4153480 0.9733454 0.4758579 0.2622099 
0.9316230 0.7871170 0.6762438 0.5726350 0.0812482 0.9695991 0.2410191 0.0501586 0.8928660 0.1626142 0.1091444 0.5773688 
0.0514517 0.7472826 0.9981887 0.2686845 0.5122790 0.4249777 0.1882162 0.0214881 0.3571659 0.8018271 0.5127337 1.0002773 
0.0606563 0.8315964 0.0527228 0.2306536 0.1831641 0.4691391 0.0667606 0.4892144 1.1476806 0.7835111 0.1764539 0.6103626 
0.0080099 0.3650442 0.9522127 1.0707168 0.7362944 0.6833092 1.0350041 0.5219751 0.7129651 0.4156602 0.2061482 0.3049779 
0.4769160 0.7576282 0.5203045 0.2809654 0.8585766 0.5816778 0.9095664 0.6656056 0.3222915 0.2311096 0.7408385 0.8998289 
0.9782377 0.1685202 1.0400129 0.4180681 0.5423684 1.1978880 0.6673258 0.9801619 0.5929365 0.5631319 0.6952849 0.4572066 
1.0417870 0.0847660 0.7574066 0.3253507 1.0239523 0.5329550 0.0933660 0.8874653 0.7652992 0.0325797 0.8935863 0.0657412 
0.2342984 0.4540277 0.8867154 0.5449308 1.0875151 0.5607979 0.0886990 1.0444359 0.6667714 0.7577382 0.4480783 0.9595050 
0.9505511 0.3071702 0.4793976 1.0960548 0.1298162 0.1771733 0.6732006 0.8545122 0.9433470 0.2146065 1.0433117 0.6619025 
0.5372813 0.2002987 0.7791463 0.9453883 0.4846885 1.0971211 0.9646994 0.2961409 0.6098398 1.0489975 0.3813313 0.8266897 
0.2044057 0.3423127 0.8422558 0.5866334 0.9405318 1.0800367 1.0860862 0.5997723 0.2818724 0.1591094 0.9237007 0.8116752 
0.8535420 0.3583499 0.5301322 0.8404021 0.7128633 0.7566936 0.3527559 0.9197504 0.7429294 1.1986521 0.1860519 0.7509290 
0.5454524 0.8870271 0.9848720 0.5173318 0.8943753 0.4123569 0.0279557 0.5098010 0.6292648 1.1134540 0.4074601 0.1547432 
0.2788859 0.2962609 0.1701305 0.3897872 0.3268435 0.2117316 1.1370409 0.0379951 0.8791633 0.3156226 1.1909175 0.9812667 
1.1990658 0.7084549 1.1107843 0.2083312 1.0710313 0.8127890 0.3988094 0.6587486 1.0104568 0.3469805 0.6705777 0.6259989 
0.1998905 0.6278029 0.0799417 0.1441795 1.1402437 0.2427382 1.0182591 0.9538152 0.5577240 0.5226374 0.7091032 0.8057723 
0.3214597 0.0931368 1.0233714 0.7952821 0.4796656 0.9022922 0.0582097 0.6381797 0.9942532 0.3057783 0.4170776 0.2890752 
0.2650758 0.4804623 0.2592098 0.6240409 0.5565092 0.7174013 0.6038298 0.1135370 0.6897075 0.4952595 0.6488369 0.9004023 
0.3744663 0.8499412 0.8500372 0.4364231 0.2511710 0.8524614 0.2499903 0.4366094 0.1773821 0.8527788 0.0975773 0.4374747 
0.8498815 0.0956650 0.4637824 0.8480593 0.3239174 0.2506894 0.6451146 0.3786079 0.5291152 0.2485756 0.6424193 0.3747198 
0.0973542 0.3045725 0.6185008 0.2508166 0.2995116 0.4785207 0.5289790 0.8470669 0.1897585 0.0949134 0.8340723 0.2513255 
0.1583980 0.8392664 0.1757105 0.4770831 0.6432477 0.4608845 0.5497001 0.4666267 0.5495825 0.2950950 0.5497390 0.4760289 
0.0030390 0.5283681 0.0022736 0.4600712 0.5331952 0.6144433 0.1495442 0.1572407 0.1502085 0.6422713 0.1469404 0.6152082 
0.3035331 0.5808816 0.3060633 0.1543511 0.5525326 0.3234093 0.2190692 0.6186190 0.3943898 0.8333427 0.5846150 0.0003708 
0.2998541 0.6477847 0.3254406 0.6187573 0.1487093 0.2994460 1.0274731 0.3224257 0.6805883 0.1480824 0.3939080 0.5532946 
0.8392520 1.0322065 0.6431054 0.1763080 0.5837976 0.8368736 0.4434338 0.6454343 0.2896593 1.0275177 0.2151521 0.5851750 
0.5293253 0.4435757 0.1904945 0.3061536 0.3964291 0.1895335 0.2895263 0.8387583 0.8606374 0.7690570 0.4034946 0.6473688 
0.1887384 0.8623578 0.5490059 0.5292651 0.4019245 0.5531671 0.8636946 0.5329705 0.7693007 1.0685669 1.0277336 0.3991455 
0.5504955 0.1449049 0.1487334 0.1884036 1.0306606 0.1499703 0.7674675 0.5484530 1.0728498 1.1720211 0.9984725 0.2190941 
0.6521124 0.7836176 1.0275924 1.0270073 0.4465621 0.6466794 1.1681772 0.5846486 1.1731760 0.4200512 0.4415654 0.9983539 
0.8647237 0.9414917 1.1347338 0.6858295 0.7865099 0.3956561 0.3105923 0.9936267 0.9492979 0.5376952 1.1678824 0.6846985 
1.1347451 0.0719781 0.7722334 0.2884453 1.1998803 0.2183589 0.9491026 0.2895574 1.1993738 0.9420088 0.5370161 0.7711257 
1.1680957 0.7230472 0.5334319 0.8647197 0.8250567 0.4062336 0.3637407 0.7686480 0.9865586 0.2697257 0.9415401 0.1413747 
0.7383149 0.7051360 0.2705923 1.1690095 1.1627319 1.0684980 0.4810334 1.1731180 0.8230262 0.3110311 0.2728336 1.0700058 
0.2697088 1.1619756 0.6667114 0.4263314 0.0911163 0.7863393 0.4943524 0.9441705 0.7022286 0.6733072 0.3087122 1.1714855 
0.0725956 0.2215746 0.7053689 0.9519349 0.0796579 1.1710092 0.5004138 0.2729743 0.9210864 0.8232737 1.1969311 0.4237352 
0.9847957 0.2565694 0.4858534 0.7056077 1.1296192 0.5349931 1.1301700 0.6719814 0.4987767 0.7060294 0.8250093 0.7370149 
0.7043979 0.5614127 0.5070473 0.4837467 0.3345329 0.7394888 0.9030134 0.7229342 0.2570358 0.3638045 0.7063063 0.2694153 
0.2265287 1.1326077 0.9566495 0.0919452 0.9586433 0.2669104 0.3368356 0.3659040 0.5100676 1.1218419 0.7580231 0.3108972 
1.1519031 0.3312301 1.1742865 0.0754141 0.1991105 0.3089236 0.8958223 0.4828357 0.0892570 0.4823525 0.4945246 0.9521430 
0.5060728 1.0042795 0.3683883 0.5062014 0.3725680 0.9473877 0.1970598 0.9222775 1.1278754 0.2209690 0.0772750 0.0697977 
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AEWC ICAS NSB

Stage Run 
Number 

2 145 
2 146 
2 147 
2 148 
2 149 
2 150 
2 151 
2 152 
2 153 
2 154 
2 155 
2 156 
2 157 
2 158 
2 159 
2 160 
2 161 
2 162 
2 163 
2 164 
2 165 
2 166 
2 167 
2 168 
2 169 
2 170 
2 171 
2 172 
2 173 
2 174 
2 175 
2 176 
2 177 
2 178 
2 179 
2 180 
2 181 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
a 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 

0.3385232 0.8944397 1.1148237 0.6266742 0.9088491 0.0689157 1.1892240 0.0917003 1.0011713 0.5117441 1.1293635 0.6724772 
0.8978964 0.9557499 1.1888781 1.1276607 0.9675165 0.7061795 0.8267435 1.1525123 0.9037016 1.1501939 0.3315003 0.8232404 
0.9555074 0.1948386 0.9113561 0.3279935 0.1170332 0.6269808 0.9698741 0.5006238 0.3336000 0.6293150 1.0002828 0.7058284 
1.1895135 0.3704289 0.8286706 1.0063837 0.4868882 0.9166076 1.1425859 0.6305663 0.8981139 0.3314653 0.9541290 0.7586525 
0.9132292 1.1891197 0.9684896 0.9029430 0.6918108 1.1309650 0.1678277 0.5661850 0.3706769 1.1894653 0.1949344 0.4953913 
0.0185770 0.9100840 0.8721647 0.3676688 0.5174316 0.3385915 0.3409350 1.1318868 0.8582299 0.9098233 0.3694505 0.5095123 
0.9712949 0.1133872 1.1412513 0.8298835 0.8918908 0.8941801 0.2387870 0.9052772 0.6592750 0.8687123 0.9072830 0.0923763 
0.4905652 0.4890096 0.6932870 0.0136991 0.2356112 0.3669517 0.8103604 0.3396879 1.1445106 0.6882408 0.6932947 0.9183034 
0.6907822 1.1420796 0.3517674 0.6571843 0.8791814 1.1181214 0.8426534 0.8943876 0.3506745 0.1721246 0.1698481 1.1314839 
0.1683004 0.3486590 0.4474110 0.8922941 0.8074937 0.0169102 0.1803439 0.1947936 0.4493588 0.8871079 0.5178668 0.3327218 
0.5135455 0.5185331 0.6230123 0.3412835 0.6237591 0.8672654 0.6763867 0.8711911 0.8070609 0.3443985 0.3411093 1.1883866 
0.8753411 0.2371817 0.2314411 0.2356328 0.6062933 0.1195488 1.0741330 0.6928666 0.6264131 0.2370848 0.8744636 0.8548358 
0.4527434 0.7420017 1.1030919 0.7444573 0.8454884 0.4915520 0.1377797 0.1678200 1.0343656 0.7453556 0.8130568 0.9689670 
0.8126637 0.8794388 0.1349874 0.8092326 0.6795775 0.6926456 1.0639334 0.5187509 0.6021350 0.4475250 0.6030312 0.8677530 
0.6218709 0.6257095 1.0636378 0.6787639 1.0759070 0.1707802 0.7308291 0.3414036 0.2288145 0.6005565 0.2325666 0.1167568 
1.0364139 0.6775842 0.7277295 1.0770747 0.1357674 0.5167488 0.0072439 0.4500987 0.8401999 0.1810889 0.8427930 0.1696855 
1.0755861 1.0779674 0.0209633 0.4095105 0.2040772 0.3438992 0.1053163 1.0386857 1.1059520 0.4086791 0.6799895 0.3502996 
0.4076229 0.9744567 0.8842682 0.5781365 0.7308506 0.2342969 0.0206071 0.2324062 0.4115196 0.7288063 1.0616053 0.8900991 
0.5749588 0.0078783 1.0581248 0.2047040 0.0124795 0.6798783 1.1131814 1.1033727 0.2065544 0.0066704 0.7273031 0.4502846 
0.0265418 0.0225335 0.2111084 0.7292409 0.3842147 0.5773399 0.8835204 0.1829240 0.7275970 0.3838254 0.0106784 0.2269546 
1.1072379 1.1093834 0.8000827 0.1064706 1.1112273 0.8188604 1.0588732 1.0751340 0.0118724 1.1072165 0.1065191 0.1857304 
0.8840870 0.8134369 0.7925963 0.3830213 0.0593002 0.8830259 0.6961658 0.5774515 0.1061542 0.8141461 1.1131302 0.1376604 
0.2079614 0.8845296 0.0557977 1.1092313 0.1634640 0.0522604 0.7109035 0.2004862 1.0559634 1.0534594 0.8861020 0.4077815 
0.7984689 0.2090991 0.0465219 0.6960269 0.4682168 0.7938755 0.0478327 0.9779472 0.7938927 0.2108254 0.1328256 0.1035146 
0.1322103 0.6954250 0.5943491 0.1306224 0.1234189 0.1233590 0.7999006 0.0126006 0.1301520 0.0504402 0.7872753 0.0249241 
0.0579909 0.0526599 0.9903591 0.7908601 0.9923172 0.5996643 0.4712214 0.8146550 0.1614360 0.7957335 0.4669358 1.1084673 
0.4719867 0.1649093 0.0642955 0.0439051 1.0476024 0.9885669 0.6636361 0.8865399 0.4672714 0.1325163 0.9366945 0.8151656 
0.6609670 0.4702234 0.1130607 0.9910497 0.7791623 0.4556508 0.9905224 1.0555227 0.6618165 0.4689138 0.0441403 0.7972331 
0.9357235 0.1210875 1.0831275 0.4552806 0.0271968 1.1858804 0.0665955 0.7079105 0.0445162 0.9376137 1.0514523 0.0585396 
0.0441031 0.9345293 1.0962545 1.1850234 1.1534242 0.9638974 1.0107480 0.1311416 0.5970878 0.9909269 0.9636235 0.0444549 
1.0482738 0.9874712 1.0125462 1.0490370 1.0864306 0.7750196 0.3589803 0.7880193 1.1861747 0.9631097 0.7741622 1.0523638 
0.7755765 1.0427876 0.2802999 0.9650887 1.0115378 1.1593569 0.6393198 0.0540034 0.9666186 1.0414971 0.0286500 1.1596890 
0.1105266 1.0821206 0.3893075 0.0315908 0.3546699 1.0402849 1.0869427 0.0436967 0.0299576 0.0662517 1.1540862 0.5205584 
0.7626276 0.7651356 0.9305313 1.1551871 0.7172551 1.0131043 0.3890280 1.1841005 0.0607858 0.1070942 1.0849762 1.0094830 
0.3547832 0.5553208 0.4149612 0.0617999 0.9272537 1.0217598 0.9310275 0.9647299 1.0913869 1.0098573 0.7620552 1.0258971 
1.0872540 0.2831110 0.3188772 1.0860862 0.2603213 0.0354353 0.6083222 0.0320208 0.7147111 0.5560181 0.6359750 0.6345968 
0.7186724 0.3925298 0.0852688 0.7634556 0.4188283 1.0896754 0.2661331 0.0625984 0.2605255 0.0361057 0.2857013 1.0896130 
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AEWC ICAS NSB

Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
1 0.4306708 0.0290949 0.3589515 0.8187900 0.4390448 0.5485718 0.8088222 0.9572282 0.1341237 0.4719287 0.3719562 0.2570203 
2 0.7415734 0.6951825 0.1906425 0.2253425 0.3364284 0.1328170 0.4563998 0.9778231 1.1091589 0.1692103 0.8127500 0.7780333 
3 0.1336135 0.4751636 0.6949944 0.8721832 0.6705285 0.4617662 0.8678932 0.4829832 0.7596077 0.2715059 0.0270575 0.4912231 
4 1.1088831 0.8117935 0.9746991 0.0711536 0.5014575 0.7839600 0.5171502 1.1891820 1.0219268 1.0949250 0.3314148 0.7142939 
5 0.2953949 0.9557566 1.1550876 0.7192218 0.8238546 0.2834330 0.1459941 0.3621564 0.5114730 0.7911932 1.0215415 0.0259009 
6 1.0398169 1.0197705 0.7589909 1.0355609 0.9326453 0.7097492 0.7094832 0.3281813 0.6076947 0.0545018 0.2027236 1.1200212 
7 0.5215086 0.1280394 0.0681654 0.5882358 0.1273463 1.1727444 0.2500454 0.1122820 0.8762180 0.5720084 0.5971455 0.3817527 
8 0.6165520 0.2615851 0.4324708 0.4751029 1.0211010 0.1109023 1.1719766 0.6904895 0.0168116 0.6023192 0.6013322 0.1880152 
9 0.0604296 0.5959238 0.8587841 0.2899033 1.1258639 0.9336668 0.0834645 0.1358265 0.3774369 0.9881122 0.9111994 0.9465931 
10 0.8838439 1.1261700 0.5729503 1.0942704 0.0641780 1.0062073 0.9826899 0.7488538 0.2502648 0.9427104 1.1713723 0.9750511 
11 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
13 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
14 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
16 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
19 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
21 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
24 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
25 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
26 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
27 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
28 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
29 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
30 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
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AEWC ICAS NSB

Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Area 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Point 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEGU 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 
1 0.1519653 0.1961880 1.1554671 0.1013075 0.1326430 0.1994903 0.9914476 0.7454019 0.3534173 0.1516564 0.9159507 0.8955738 
2 0.8597807 0.6799551 0.1286710 0.6808934 0.9205714 0.4423814 1.1072527 1.1333337 0.0733681 0.7202979 0.4462096 0.2316762 
3 0.9987696 0.4148040 0.0266096 0.2098945 0.3988806 0.2989270 0.1512309 0.4271121 1.1190810 1.1609904 0.0813834 1.0178533 
4 0.0004414 0.5102821 0.8369829 0.5344322 0.3457814 0.7869768 0.6874493 0.0644972 0.9204311 0.4979184 0.1466386 0.3949748 
5 0.6795360 1.1535434 0.3047290 0.9797036 0.0611852 0.5382001 0.9370773 1.0290124 0.7657021 0.4594554 0.8290758 1.1206523 
6 0.5257175 0.0770433 0.9142131 1.1995626 0.6125317 0.6800374 0.7215527 0.9450910 1.0419933 0.2723920 1.0677093 0.2758085 
7 1.1036882 0.8345521 1.0130783 0.9019938 0.5545713 0.9829072 0.3254325 0.1674346 0.5144179 0.0867174 0.3465001 0.6617880 
8 0.2510849 1.0091329 0.6418123 0.8265405 1.1437687 1.0959518 0.0934004 0.7069583 0.6058423 0.6237262 0.5721935 0.0439104 
9 0.4538093 0.3597663 0.5135459 0.4338884 1.0189970 0.0017689 0.5737796 0.3123023 0.1616632 0.9886387 0.6575536 0.5028759 
10 0.7990038 0.8722815 0.3603782 0.2402503 0.8124059 0.8514699 0.4413357 0.5349202 0.4797175 0.9565854 1.1366964 0.7694655 
11 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
13 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
14 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
16 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
19 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
21 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
24 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
25 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
26 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
27 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
28 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
29 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
30 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
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Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
1 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
2 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
3 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
4 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
5 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
6 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
7 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
8 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 
9 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 
10 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 
11 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 
13 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
14 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
16 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
19 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
21 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
24 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
25 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 
26 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
27 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 
28 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
29 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
30 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
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Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Area 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Point 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEGU 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 
1 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
2 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
3 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
4 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
5 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
6 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
7 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
8 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
9 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
10 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
11 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
13 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
14 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
16 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
19 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 
21 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 
24 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 
25 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
26 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 
27 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
28 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 
29 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
30 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 

Attachment 23 
Page 48 of 48



  

   

 

 

REMSAD Web http://remsad.saintl.com/ 

AEWC ICAS NSB

The Regional Modeling System for Aerosols and Deposition (REMSAD) was developed
 
by ICF International/Systems Applications International to support a better understanding of
 

the distributions, sources, and removal processes relevant to regional haze, particulate
 
matter and other airborne pollutants, including soluble acidic components and toxics.
 

REMSAD includes the streamlined micro-CB gas-phase chemical mechanism and an efficient
 
transport algorithm that allow continental scale simulations of full calendar years. REMSAD
 
provides spatially and temporally resolved air concentrations and (wet and dry) deposition
 

values. Recent improvements to the modeling system include expanded treatment of
 
mercury chemistry, the addition of a detailed secondary organic aerosol (SOA) treatment
 

and improved performance under stagnant meteorological conditions.
 

Last updated: 08/21/2006 

2/17/2010 12:42 PM1 of 1 
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News Release 


IPAMS 
410 17th Street, Ste. 700 

Denver, CO 80202 

Date: July 31, 2009 

Contact: Jon Haubert 


(303) 623-0987 
jhaubert@ipams.org 

IPAMS Releases Uinta Basin Air Quality Study 
The natural gas and oil industry voluntarily undertakes study to quantify and minimize impact to air 

quality 

(DENVER)-  The Independent Petroleum Association of Mountain States (IPAMS) publicly released the results of the Uinta Basin 
Air Quality Study (UBAQS), a comprehensive modeling study that provides quantitative estimates of air quality in the Uinta 
Basin of Utah. IPAMS proactively conducted this unprecedented analysis to ensure that industry, state, and federal land 
managers have the tools necessary to protect air quality.  Without this IPAMS initiative, the information would simply not be 
available to regulators. 

UBAQS model results indicate that average ambient concentrations of ozone and criteria pollutants will remain below the 
National Ambient Air Quality Standards (NAAQS) within the six-county Uinta Basin area through the year 2012.   

 “UBAQS uses state-of-the-art atmospheric science and photochemical modeling technology to forecast changes to air quality 
resulting from natural gas, oil, and other activity in the six-county Uinta Basin in northeast Utah,” said Kathleen Sgamma, 
IPAMS Director of Government Affairs. “IPAMS wants to ensure that industry and regulators understand the cumulative 
impacts of producer activities in the basin. UBAQS provides federal land managers, such as the Bureau of Land 
Management, and regulators with the tools they need to analyze and mitigate impacts to air resources.” 

To ensure a sound scientific study, federal, state, tribal, and county governments provided input.  ENVIRON International 
Corporation, a highly-regarded air modeling contractor that has done extensive work for government regulators across the 
Intermountain West, performed the modeling.  The study provides a comprehensive analysis of cumulative air quality impacts 
using conservative modeling assumptions that overstate impacts from natural gas and oil activities to provide public land 
managers and regulators with a worst-case scenario in the basin. Even with that worst-case scenario, UBAQS results show 
that the basin will remain in attainment for all air quality standards, including ozone, specified by the Clean Air Act. 

Air quality models are predictive tools. Sound scientific methodology supports the comparison of modeling results to actual 
ambient air emissions monitoring data. Industry is sponsoring monitoring stations in the basin that will provide actual ambient 
data so that regulators have the information they need to continue to protect air quality.  

“Natural gas and oil producers are developing vital American energy resources in an environmentally responsible manner 
that protects air quality, while providing jobs and revenue to Utah’s rural economies,” concluded Sgamma.   

### 

About IPAMS 
The Independent Petroleum Association of Mountain States (IPAMS), founded in 1974, is a non-profit trade association representing more than 400 independent natural 
gas and oil producers, service and supply companies, banking and financial institutions, industry consultants, and their 150,000 employees who are committed to 
environmentally responsible natural gas and oil development in the Intermountain West. More information on IPAMS and its members is available at www.ipams.org. 
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  Four Corners Air Quality Group http://www.nmenv.state.nm.us/aqb/4C/Modeling.html 
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NAVIGATION BAR 

Home 
About Us

 Meetings 
Spring 2009
 
August 20, 2008
 

Modeling Project 
Task Force Report 
FAQs 
News 
Links 
Join! 
Task Force Archive 
Contact Us 

Four Corners Air Quality Group 

Modeling Project

 The states of New Mexico and Colorado, with their partners, are working together on an 
inventory and modeling project for the Four Corners area. Prior to convening the Task 
Force in November 2005, the agencies identified the need for a more site specific 
inventory of the Four Corners as well as more robust modeling of mitigation scenarios. 
The results of this project will be used by the regulatory agencies to identify the most 
effective mitigation strategies and groups of strategies for implementation in the Four 
Corners area. 

The final report is now available. 

AIR QUALITY MODELING STUDY FOR THE FOUR CORNERS REGION [Final Revised Report 
– August 2009] 

Note to Readers:  This report was originally prepared 30 June 2009. Upon 
subsequent review it was discovered that a figure in Section 4 summarizing the 
impacts of emission mitigation scenarios on the annual fourth highest 8-hour 
average ozone levels had been inadvertently mixed up with another similar figure 
depicting 1-hour average ozone impacts during the peak afternoon hour of a typical 
high ozone summer day (18 July). This error has been corrected in this revised 
version of the report. For the sake of clarity, figures for both the annual fourth 
highest 8-hour ozone impacts and the 18 July impacts are included in this revised 
version. Several minor typographical errors have also been corrected. 
Errata Sheet [Jan 21, 2010] 
Addendum [Jan 22, 2010] 

Background information on modeling project: 

Four Corners Modeling Status Update Feb 2009 
Four Corners Modeling Status Update Jan 2008 
Four Corners Modeling 2005 & 2018 Draft Emissions Inventory Updated Jan 22, 
2009 

Four Corners 4Km Modeling Domain 
Four Corners Modeling Status Update August 2008 
Four Corners Modeling Draft Emissions Summary Jan 2008 
Four Corners Modeling Project Protocol (June 2007) 

This webpage is maintained on the NM Environment Department
 
website.
 

This page was last updated October 06, 2006 

All rights reserved 2004-2005, State of New Mexico 

2/17/2010 12:44 PM1 of 1 
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FACT SHEET 

PROPOSAL TO REVISE THE NATIONAL AMBIENT AIR QUALITY STANDARDS 


FOR OZONE
 

SUMMARY OF ACTION 

Proposed ozone standards 
•	 On January 6, 2010, EPA proposed to strengthen the national ambient air quality standards 

(NAAQS) for ground-level ozone, the main component of smog.  The proposed revisions are 
based on scientific evidence about ozone and its effects on people and the environment. 

•	 EPA is proposing to strengthen the 8-hour “primary” ozone standard, designed to protect 
public health, to a level within the range of 0.060-0.070 parts per million (ppm).   

•	 EPA is also proposing to establish a distinct cumulative, seasonal “secondary” standard, 
designed to protect sensitive vegetation and ecosystems, including forests, parks, wildlife 
refuges and wilderness areas. EPA is proposing to set the level of the secondary standard 
within the range of 7-15 ppm-hours.  

•	 The proposed revisions result from a reconsideration of the identical primary and secondary 
ozone standards set at 0.075 ppm in 2008.   

•	 EPA is reconsidering the ozone standards to ensure that two of the nation’s most important 
air quality standards are clearly grounded in science, protect public health with an adequate 
margin of safety, and protect the environment. The ozone standards set in 2008 were not as 
protective as recommended by EPA’s panel of science advisors, the Clean Air Scientific 
Advisory Committee (CASAC).  The proposed standards are consistent with CASAC’s 
recommendations. 

•	 The proposal to strengthen the primary standard places more weight on key scientific and 
technical information, including epidemiological studies, human clinical studies showing 
effects in healthy adults at 0.060 ppm, and results of EPA’s exposure and risk assessment. 

•	 The proposal to set a distinct secondary standard places more weight on the importance of a 
biologically relevant standard by recognizing that cumulative, seasonal exposure to ozone 
harms sensitive vegetation. 

•	 EPA will take public comment for 60 days following publication of the proposal in the 
Federal Register. The agency also will hold public hearings on the proposal in the following 
three locations:  

•	 February 2, 2010 
� Arlington, Va.  
� Houston, Texas 

•	 February 4, 2010 
� Sacramento, Calif.  

•	 EPA will issue final standards by August 31, 2010. 

1
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Review of Science: Public Health 
•	 Scientific evidence indicates that adverse public health effects occur following exposure to 

ozone, particularly in children and adults with lung disease.  

•	 Breathing air containing ozone can reduce lung function and inflame airways, which can 
increase respiratory symptoms and aggravate asthma or other lung diseases. Ozone exposure 
also has been associated with increased susceptibility to respiratory infections, medication 
use, doctor visits, and emergency department visits and hospital admissions for individuals 
with lung disease. 

•	 Ozone exposure also increases the risk of premature death from heart or lung disease.    

•	 Children are at increased risk from exposure to ozone because their lungs are still developing 
and they are more likely to be active outdoors, which increases their exposure.   

Review of Science: Public Welfare 
•	 Scientific evidence shows that repeated exposure to ozone during the growing season 

damages sensitive vegetation.  Cumulative ozone exposure can lead to reduced tree growth; 
visibly injured leaves; and increased susceptibility to disease, damage from insects and harsh 
weather. 

•	 Sensitive plant species that are potentially at increased risk from ozone exposure  include 
trees such as black cherry, quaking aspen, ponderosa pine and cottonwood. These trees are 
found across the United States, including in protected parks and wilderness areas. 

Review of Science: Technical Record 
•	 The reconsideration is based on the scientific and technical record used in the March 2008 

review, which included more than 1,700 scientific studies.  

•	 In this reconsideration, EPA is not relying on studies about the health and ecological effects 
of ozone that have been published since the science assessment to support the 2008 review 
was completed. However, EPA conducted a provisional assessment of these newer studies 
and found they do not materially change the conclusions of the Agency's earlier science 
assessment. More information on the provisional assessment is available at: 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=214003 

DETERMINING COMPLIANCE: THE FORM OF THE STANDARDS 

•	 When EPA sets air quality standards, it also must specify the measurement unit, or “form” of 
each standard, which is used to determine whether an area is meeting the standards. 

•	 For the primary standard, ozone concentrations are averaged over 8-hour periods. The fourth-
highest 8-hour value at a particular monitor in the most recent year is averaged with the 
fourth-highest 8-hour values from the previous two years. This produces a three-year 
average. To meet the standard, the three-year average must be less than or equal to the level 
of the standard. EPA did not reconsider the form of the primary standard. 
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•	 The proposed secondary standard is designed to protect sensitive vegetation from adverse 
effects associated with cumulative ozone exposures during the three months when daytime 
ozone concentrations are the highest. Specifically, the form of this new proposed secondary 
standard is a “cumulative peak-weighted index,” called W126.  The W126 index is calculated 
by: 

o	 “Weighting” each hourly ozone measurement occurring during the 12 daylight hours 
(8:00 am to 8:00 pm) each day, with more weight given to higher concentrations.  
This “peak weighting” emphasizes higher concentrations more than lower 
concentrations, because higher concentrations are disproportionately more damaging 
to sensitive trees and plants; 

o	 Adding these 12 weighted hourly ozone measurements for each day, to get a 
cumulative daily value;  

o	 Summing the daily values for each month, to get a cumulative monthly value; 

o	 Identifying the three consecutive months during the ozone season with the highest 
index value, to get the cumulative seasonal index value, and; 

o	 Averaging these maximum seasonal index values over three years.   

•	 An area would meet the proposed secondary standard if the three-year average of the 
cumulative seasonal index values is less than or equal to the level of the standard (i.e., 7-15 
ppm-hours). 

ESTIMATED TIMELINE FOR IMPLEMENTING THE PROPOSED STANDARDS 

•	 EPA, states and tribes will work together to implement the ozone standards that result from 
the reconsideration. 

•	 EPA is proposing an accelerated schedule for designating areas for the primary ozone 
standard. Also, EPA is taking comment on whether to designate areas for a seasonal 
secondary standard on an accelerated schedule or a 2-year schedule.  

•	 The accelerated schedule would be: 

o	 By January 2011: States make recommendations for areas to be designated attainment, 
nonattainment or unclassifiable. 

o	 By July 2011: EPA makes final area designations. 

o	 August 2011 Designations become effective. 

o	 December 2013: State Implementation Plans, outlining how states will reduce pollution 
to meet the standards, are due to EPA.  

o	 2014 to 2031: States are required to meet the primary standard, with deadlines depending 
on the severity of the problem.  
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MONITORING FOR OZONE 

•	 In a separate rule, EPA proposed in July 2009 to modify the ozone air quality monitoring 
network design requirements. The proposed modifications would better support alternative 
ozone standards, including the 2008 ozone standards and the ozone standards proposed in 
this reconsideration. 

•	 EPA is not proposing in this reconsideration to further modify the minimum monitoring 
requirements for ozone. 

•	 The already proposed monitoring revisions would change minimum monitoring requirements 
in urban areas, add new minimum monitoring requirements in non-urban areas, and extend 
the length of the required ozone monitoring season in many states.   

o	 EPA proposed that urban areas with populations between 50,000 and 350,000 
people operate at least one ozone monitor. 

o	 EPA proposed that states be required to operate at least three ozone monitors in 
non-urban areas. 

•	 There are approximately 1,200 ozone monitors operating in the United States, with about 
1,000 sited to represent urban areas and 200 to represent non-urban areas. 

o	 EPA estimates that about 270 new ozone monitors could be required to satisfy the 
proposed monitoring requirement. We expect the number of new monitors to be 
considerably less because of the flexibility including in the proposal. 

•	 EPA is considering comments received on the proposed monitoring requirements and plans 
to issue a final rule in coordination with the final ozone standards in August 2010. 

BACKGROUND 

What is Ozone? 
•	 Ozone is found in two regions of the Earth’s atmosphere – at ground level and in the upper 

regions of the atmosphere.  Both types of ozone have the same chemical composition (O3). 
While upper atmospheric ozone forms a protective layer from the sun’s harmful rays, ground 
level ozone is the main component of smog.   

•	 Ground-level ozone is not emitted directly into the air, but forms through a reaction of 
nitrogen oxides (NOx), volatile organic compounds (VOCs), carbon monoxide (CO) and 
methane (CH4) in the presence of sunlight. 

•	 Emissions from industrial facilities and electric utilities, motor vehicle exhaust, gasoline 
vapors, and chemical solvents are the major man-made sources of NOx and VOCs. 

•	 Because sunlight and hot weather accelerate its formation, ozone is mainly a summertime air 
pollutant. Both urban and rural areas can have high ozone levels, often due to transport of 
ozone or its precursors from hundreds of miles away. 

4
 
Attachment 27 
Page 4 of 6



 

 
 

 

 
 
 
 

 
  
 
 
 
 

 

 
 
 
 

 

 

 

 
 

 

 

AEWC ICAS NSB

Ozone and Public Health 
•	 Exposures to ozone can: 

o	 Reduce lung function, making it more difficult for people to breathe as deeply and 
vigorously as normal, 

o	 Irritate the airways, causing coughing, sore or scratchy throat, pain when taking a 
deep breath and shortness of breath, 

o	 Inflame and damage the airways,  
o	 Increase frequency of asthma attacks, 
o	 Increase susceptibility to respiratory infection, and 
o	 Aggravate chronic lung diseases such as asthma, emphysema and bronchitis. 

•	 In some people, these effects can lead to: 
o	 Increased medication use among asthmatics, 
o	 More frequent doctors visits, 
o	 School absences, 
o	 Increased emergency room visits and hospital admissions, and 
o	 Increased risk of premature death in people with heart and lung disease. 

•	 Groups that are at greater risk from ozone include: 
o	 People with lung disease, especially children with asthma.  
o	 Children and older adults. 
o	 People who are active outside, especially children and people who work outdoors. 

Ozone and the Environment 
•	 Ground-level ozone can have harmful effects on sensitive vegetation and ecosystems. When 

sufficient ozone enters the leaves of a plant, it can:  
o	 Interfere with the ability of sensitive plants to produce and store food, leading to 

reduced growth, making them more susceptible to certain diseases, insects, other 
pollutants, competition and harsh weather. 

o	 Visibly damage the leaves of trees and other plants, harming the appearance of 
vegetation in urban areas, national parks, and recreation areas. 

•	 These effects can have adverse impacts on ecosystems, including loss of species and changes 
to habitat quality, and water and nutrient cycles. 

About the NAAQS Process  
•	 The Clean Air Act requires EPA to set National Ambient Air Quality Standards (NAAQS) 

for pollutants considered harmful to public health and the environment. National standards 
exist for six pollutants: ozone, particulate matter, nitrogen oxides, carbon monoxide, sulfur 
dioxide, and lead. 

•	 For each of these pollutants, the Clean Air Act requires EPA to set the health-based or 
“primary” standards at a level judged to be “requisite to protect the public health with an 
adequate margin of safety” and establish secondary standards that are “requisite” to protect 
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public welfare from “any known or anticipated adverse effects associated with the pollutant 
in the ambient air” including effects on vegetation, soils, water, wildlife, buildings and 
national monuments, and visibility. 

•	 The law also requires EPA to review the standards and their scientific basis every five years 
to determine whether revisions are appropriate.   

•	 The Clean Air Scientific Advisory Committee (CASAC) provides independent advice to the 
EPA Administrator on the relevant scientific and technical information and on the standards. 

HOW TO COMMENT 

•	 EPA will accept public comments for 60 days after the proposed revisions to the ozone 
standards are published in the Federal Register. 

•	 Comments should be identified by Docket ID No. EPA-HQ-OAR-2005 -0172 and submitted 
by one of the following methods: 

o	 Federal eRulemaking Portal (http://www.regulations.gov), 
o	 e-mail (a-and-r-docket@epa.gov), 
o	 Mail (EPA Docket Center, Environmental Protection Agency, Mail code 6102T, 1200 

Pennsylvania Avenue, NW, Washington, DC 20460), or 
o	 Hand delivery (EPA Docket Center, Environmental Protection Agency, Room 3334, 

1301 Constitution Avenue, NW, Washington, DC). 

FOR MORE INFORMATION 

•	 To download the Federal Register notice about the proposed revisions to the ozone standards, 
visit www.epa.gov/ozonepollution. 

•	 Today’s proposal and other background information are also available either electronically at 
http://www.regulations.gov, EPA’s electronic public docket and comment system, or in 
hardcopy at the EPA Docket Center’s Public Reading Room. 

o	 The Public Reading Room is located in the EPA Headquarters Library, Room 
Number 3334 in the EPA West Building, located at 1301 Constitution Ave., NW, 
Washington, DC. Hours of operation are 8:30 a.m. to 4:30 p.m. eastern standard 
time, Monday through Friday, excluding federal holidays. 

o	 Visitors are required to show photographic identification, pass through a metal 
detector, and sign the EPA visitor log.  All visitor materials will be processed through 
an X-ray machine as well.  Visitors will be provided a badge that must be visible at 
all times. 

o	 Materials for this action can be accessed using Docket ID No. EPA-HQ-OAR- 2005- 
0172. 
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AEWC ICAS NSB

Meeting Outline
 

� Ozone 

� What we know 

� What we are currently doing 

� Air emission control requirements 

� Sublette County Air Toxics Study 

� Groundwater pollution 

� What we know 

� What we are planning to do 

�Listen 
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SUBLETTE COUNTY
 
Air Quality Issues 
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Ozone Study
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Ozone Advisory Levels 

Ozone Health Advisory Levels
 
EPA Air 
Quality 
Index 

0-50 

51-100 

101-150 

>151 

Ozone Value* 

0-64 ppb 

65-84 ppb 

85-104 ppb 

105 ppb or 
greater 

Descriptor Cautionary Statement 

Good None 

Moderate 
Unusually sensitive people should 
consider limiting prolonged outdoor 
exertion. 

Unhealthy for Sensitive 
Groups 

At or above 85ppb for an 8-hour average, 
children, the elderly, and people with 
respiratory problems should reduce 
outdoor activities. 

Unhealthy for General Public 
At or above 105 ppb for an 8-hour 
average, everyone should reduce outdoor 
activities. 

* 8 hour average 
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Monitored Monthly 8‐Hour Maximum Ozone
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Ozone: Study objectives
 

� Develop tools to model ozone formation
 

� Causes of high ozone 

� Ozone distribution 

� Determine meteorological conditions 

� Role of ozone precursors 
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Ozone: Chemistry 

NO2 + ην Æ NO + O
 

O2 + O +M Æ O3 + M
 

NO + O3 Æ NO2 + O2
 

� ην = ultraviolet light 

� M = inert particles in the air 

� VOC’s convert NO to NO2 without 
destroying ozone 
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Ozone: Meteorological
conditions 

� In 2005, the only upper air data available was 
from Riverton and Green River 

� Upper air data needed to model air pollution
 

� 2007/2008 winter study 
� Radar wind sondes, ozone sondes, tethered 

balloons to gather data 
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Pinedale Airport Vertical Profiles
 

11 March @ 6:00 pm 12 March @ 4:00 pm
 

Elevated O3 
below inversion 

Inversion 
at 100 m 

Different wind 
directions above 

and below 
inversion 

O3 

Temp 

No Inversion, 
no elevated O3 

Raw data – subject to change
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Ozone: Sunlight conditions
 

� UV energy from the sun is required to produce ozone
 

� Historically, scientists believed ozone can’t be 
formed in low temperatures or areas with low sun 
angles (i.e., winter) 

� Study measured UV energy 

� Result: when ground is highly reflective, UV energy 
is doubled 
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Ozone: Sunlight
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AEWC ICAS NSB

Ozone: VOCs
 

� In 2006, limited VOC data available 

� In 2007 and 2008, ozone study collected 36 
canisters which were co-located with NOx 
samplers at Boulder, Jonah and Daniel 

� Samples identified the individual compounds
 

� Allows evaluation of role of individual 
VOCs in ozone formation 
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Ozone: VOC results 
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Ozone: Monitoring 

� Continuous monitoring 
at Jonah, Boulder, 


Daniel (also “Castnet”)
 

� Additional winter 
monitoring at “x”’s, plus 
airplane sampling 
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Ozone: Airplane

sampling
 

(Boulder ground
level high

[8-hour] that day
was 122 ppb) 
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Ozone: 

Preliminary conclusions
 

� In the winter: 
� Temperature inversion 

� Still air 

� Snow cover 

� Sunshine 

� Ozone precursors present in UGRB 

Produce elevated ozone
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Ozone: Future work
 

� Continued operation of existing permanent 
monitors 

� Move the Jonah monitor 

� Assess monitoring network adequacy 

� Add a sixth monitor 

� Add or move monitors as necessary 

�Work with U.W. and others to supplement 
ozone information 
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Ozone: Future work 
(continued) 

� Supplement VOC analysis 

� Develop a full scale ambient ozone model 
� Modeling is necessary to predict improvements 

from emission reduction activities 

� Apply what we know today to reduce ozone
 

Attachment 28 
Page 19 of 60



I I 

AEWC ICAS NSB

Control of Ozone Precursors
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Emission controls: 

Ozone Precursors
 

Sources: 
� Vehicles 

� Drill rigs 

� Well completion activities 

� Gas production – compression – transmission 

� Community/Residential emissions 

� Emissions from natural sources 

� Transported emissions 
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Ozone Precursor Sources 
that DEQ Controls 

� Venting and flaring from well 
completions 

� Gas production, compression, and 
transmission 
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AEWC ICAS NSB

Emission controls: Well completions
 

Attachment 28 
Page 23 of 60



AEWC ICAS NSB

Emission controls: 
Gas production 

� 1997 presumptive Best Available Control 
Technology (BACT) established 
� Current guidance: September 1, 2007 

� BACT is a process that DEQ uses to 
establish air pollution control requirements 

� BACT limits evolve as DEQ determines that 
better technology is available 
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VOC Control Threshold Reductions 
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% of Controlled Gas Production Sources
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Emissions Controls 

           
   

AEWC ICAS NSB

Best Available Control Technology NOx Limits for 
Internal Combustion Engines 
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Best Available Control Technology NOx Limits for
 
Turbine Engines
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Emission controls: 

Gas Transmission
 

� Emissions from line maintenance and pigging
 

� DEQ has not required controls 

� Candidate for future controls 
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Emission controls: 
rig engines 

� State has no authority to regulate mobile 
sources 

� Jonah Infill ROD enabled NOx reductions 
improvements to rig 

� Apply Jonah experience to PAPA SEIS 

� DEQ to implement both through permitting 
program 
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NOx Emissions for a 3500 bp Drill Rig [ton/year] 
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Rig Emission Data
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Responses to Ozone
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Immediate Response to the
Ozone Challenge 

� Preliminary AQD view is that VOC controls should 
be the primary focus 

� Control existing uncontrolled sources by Jan 2009 

� Increase inspections to look at all fields in Sublette 
County 

� Operating Procedures (Notification System) 

� Defer maintenance activities, turn off engines, leak 
detection surveillance, etc. 
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Additional Responses to the
Ozone Challenge 

� Consider VOC retrofit and Leak Detection and 
Repair rules 

� Evaluate controls for diesel soot 

� Improve precursor emission inventories 

� Revise oil & gas control requirements 
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Air Toxics
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Air Toxics Study
 

� Moving forward with Sublette County 
Commissioners to design and implement a study 

� Study elements 

� 10 +/- monitoring stations 

� Data collection over an approximate one year 
period 

� Exposure assessment 

� Risk evaluation 

� Recommendations 
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Air Toxics Study (continued) 

� Detailed, professional grade study will take 
20 months to complete 

� In the interim, DEQ and the DOH will 
review all existing data and report findings to 
the public 
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SUBLETTE COUNTY
 
Water Quality Issues 
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OUTLINE
 

� GROUNDWATER 

� SURFACE WATER 

� STORM WATER PROGRAM 

� COMMERCIAL AND OIL FIELD PITS
 

40
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GROUNDWATER 
MONITORING 

THREE SEPARATE REQUIREMENTS
 

� JONAH ROD – ONGOING 

� PINEDALE ANTICLINE ROD – ONGOING 

� WDEQ 2006 LETTER – ONE TIME 

41
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GROUNDWATER 

MONITORING (CONTINUED)
 

ANTICLINE WELL SAMPLING 
INDUSTRIAL DOMESTIC STOCK 

TOTAL # WELLS 167 50 22
 

WELLS SAMPLED 167 50 22
 

WELLS WITH HC 73 0 0
 
DETECTIONS 

WELLS INITIALLY 3 0 0  
OVER STANDARDS (Benzene) 

WELLS CURRENTLY 0 01 
OVER STANDARDS (Benzene) 

(DATA FROM 2008 GEOMATRIX REPORT) 
42 
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GROUNDWATER 

MONITORING (CONTINUED)
 

JONAH WELL SAMPLING
 
INDUSTRIAL DOMESTIC STOCK 

TOTAL # WELLS 45 ? ? 

WELLS SAMPLED 45 0 0 

WELLS WITH HC 8 0 0 
DETECTIONS 

WELLS INITIALLY 2 0 0  
OVER STANDARDS (Benzene) 

WELLS CURRENTLY 0 01 
OVER STANDARDS (Benzene) 

(DATA FROM 2007 ANNUAL REPORTS) 
43 
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GROUNDWATER 
MONITORING (CONTINUED) 

POTENTIAL CAUSES 

�WATER WELL DRILLING 

�WELL OPERATION AND MAINTENANCE 

�NATURAL CAUSES 
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GROUNDWATER 
MONITORING (CONTINUED) 

�MITIGATION MEASURES 
�WDEQ REQUIRED SAMPLING 
�RECOMMENDED BMPS 

�REQUIRED BACK FLOW PREVENTERS 
�USE SANITARY DRILLING METHODS 
�LOCK AND INSPECT WELLS 
�SAMPLE WATER WELLS BEFORE USING 

46 
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GROUNDWATER 
MONITORING (CONTINUED) 

�MITIGATION MEASURES 
� WDEQ, BLM AND OPERATORS 


� WORKING TO IMPLEMENT BMPS 
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Proposed Future Groundwater
Monitoring Program 

� Year 1 – Data Acquisition and Monitoring 
Network Design ($250K). 

� Year 2 – Monitoring Network Installation 
and Initial Sampling ($500K). 

� Year 3 – Groundwater Monitoring and 
Reporting ($750K/total Yrs 3-10). 
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SURFACE WATER 
MONITORING 
� SCCD has been monitoring surface water throughout the county for 

numerous years 

� Began reporting to the PAWG in 2001 

� Started with 3 sites associated with the anticline activity, expanded to 8 
New Fork River sites. 

� Focus on the New Fork River and tributaries 

� Reporting chemical and biological results 

� All data reviewed by PAWG water task group 

49 
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SURFACE WATER 
MONITORING (CONTINUED) 

� New Fork River Sites, upstream to downstream: 

� NEW FORK RIVER 

� NF1 Below New Fork Lake Dam 

� NF4  Public Fishing Access  (South Tyler Bridge) 

� NF70  Below the confluence of Pole Creek         

� NF60  Above confluence with East Fork River 

� NF50  Public Fishing Access;  Below East Fork River      

� NF40 Below the Confluence with Sand Springs and Alkali Draw 
�

� NF30  Downstream from most Anticline Project Area influences 

� NF19  Above Confluence with Green River 

Concept 

Above anticline influence 

Bracketing tributary influence 

Bracketing tributary influence 

Bracketing tributary influence 

Above pipeline crossing 
Below two critical drainages 

Below pipeline crossings 

Watershed synopsis 
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Sublette County Conservation District 
Surface Water Quality Sampling Sites 
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SURFACE WATER 
MONITORING (CONTINUED) 

Chemistry Frequency: 4 to 5 times per year Biology one sample per year 
Parameter Groupings Parameters 

Benthic Macroinvertebrates 
Buffering Capacity Alkalinity 

Bicarbonate The monitoring of the biological 

Carbonate community is used to assess stream 
Hardness condition and to characterize 

Calcium spatial and/or temporal change. 

Magnesium 

pH 

Nutrients Nitrate+Nitrite as N 

Phosphorus 

Ionic Chemistry Total Dissolved Solids  (TDS) 

Specific Conductance 

Potassium 

Sodium 

Sulfate 

Chloride 

Physical Measures Total Suspended Solids  (TSS) 

Turbidity 

Temperature 

Dissolved Oxygen 

Organic Chemistry Benzene 

Ethyl Benzene 

Meta/para-Xylene 

ortho-Xylene 

MTBE 

Toluene 

Attachment 28 
Page 53 of 60

53 



 

AEWC ICAS NSB

SURFACE WATER 
MONITORING (CONTINUED) 

Results: 
To date, no impacts have been detected: 

Chemistry results have not indicated an influence from the 
anticline activity. No petrochemicals were detected. 
Biology results, through the use of multi-metric models, have 
not indicated a significant deviation from reference condition. 
No significant temporal or spatial trends directly associated 
with the anticline activity suggest a biological stress. 
Note: Further work is needed to characterize the predominance of sediment 
tolerant invertebrates at N30 and N40. 
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SURFACE WATER 
MONITORING (CONTINUED) 

�ALL DATA REVIEWED 
BY PAWG WATER 
TASK GROUP 
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Storm Water Permitting
 

� DEQ Requires for Construction Phase 

� DEQ Does Not Require for Operational 
Phase 
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COMMERCIAL WATER 
DISPOSAL PITS 

WDEQ REGULATES FIVE PITS 
� ANTICLINE – ACTIVE ($2.6M) 

� CALPET – ACTIVE ($1.2M) 

� Exxon/Mobil-McGINNIS – ACTIVE ($0) 

� NEWPARK – INACTIVE ($.47M) 

� BALL PIT – INACTIVE ($0) 
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Design Criteria for
Commercial Pits 

� Short Term - DEQ will develop design 
guidance (currently use general authority and 
rules for other types of facilities). 

� Long Term – DEQ will develop rules for 
design. 
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OTHER OIL AND GAS PITS
 

�REGULATED BY WYOMING OIL 
AND GAS CONSERVATION 
COMMISSION 

�WDEQ ONLY BECOMES 
INVOLVED WHEN 
GROUNDWATER OR SURFACE 
WATER IS IMPACTED 
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    Governor concerned over southwest Wyoming ozone levels : Star Valley ... http://www.starvalleyindependent.com/2009/03/governor-concerned-ove... 
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search Get SVI alerts on your cell phone! 
Text "follow svi" to 40404 

Subscribe via Email! 
Subscribe via RSS! 
Subscribe via Twitter! 

Star Valley’s local paper for over 100 years! 

Gov. Dave Freudenthal has submitted a recommendation to the U.S. Environmental Protection Agency (EPA) 
that the agency should designate an area in southwest Wyoming as an ozone nonattainment area. 

By News Release on Mar 13, 2009 in Featured, News, Outdoors 

Under the Clean Air Act, EPA is required to place an area in 
nonattainment status when ozone levels exceed National Ambient Air Quality Standards (NAAQS). 

“It is unfortunate that we have to make this recommendation, but it is a necessary step,” Gov. Freudenthal 
said.  “I also need to make it clear that this federal process is not the only tool we have to fix the air quality 
problems in Pinedale, and that I have directed the Department of Environmental Quality (DEQ) to use every 
means possible to ensure we return to clean air as quickly as we can.” 

The Governor said the State of Wyoming has moved aggressively in response to the air quality challenges. 
“We have not waited for the federal declaration of nonattainment to solve our air pollution problems,” he 
said, “and I do not want a nonattainment designation by EPA to penalize the State for instituting early 
emission reductions. 

“I understand that a nonattainment designation includes requirements to reduce air pollution from existing 
sources,” the Governor continued.  “Many local gas producers, working in cooperation with our DEQ, have 
aggressively reduced air emissions, and those reductions will continue even as our natural gas resources 
continue to be developed.  These air emission reductions have occurred because of the application of 
Wyoming’s stringent air pollution permitting requirements; because of industry response to our calls for 
voluntary emission reductions; and because of Wyoming’s insistence on stringent air pollution mitigation 
requirements in the Jonah Infill and Pinedale Anticline Records of Decision.” 

2/17/2010 2:49 PM1 of 2 
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Get SVI alerts on your cell phone! 
Text "follow svi" to 40404 ozone formation during winter conditions. 

“AQD has conducted three intensive air quality monitoring studies in the area, during the winters of 2007, 
2008, and 2009,” said Finley.  “These studies have given us a good understanding of the factors that allow 
ozone formation during winter conditions, and this original research has dispelled the conventional belief that 
ozone is only a summertime pollutant.” 

Finley added that the research has also allowed AQD to carefully define the recommended nonattainment 
boundary such that all contributing air pollution sources around the Boulder monitor are included in the 
recommended nonattainment area. 

AQD research on unique conditions present during winter ozone formation in a rural area was used during 
determination of the boundary.  Following a formal nonattainment designation, Wyoming will be required to 
develop a state implementation plan which contains state commitments to return the area to attainment status. 

“Any state plan we develop will meet our obligations under the Clean Air Act, and will contain a series of air 
pollution control requirements which are needed to return the area to compliance with the new national ozone 
standard,” said Finley.  “The plan will be subject to public review, and we anticipate having several 
opportunities for local officials, industry, and residents of the area to provide input as the plan is developed.” 

Wyoming’s State Legislature has appropriated $1.5 million to the DEQ to address the ozone problem in 
southwest Wyoming. 
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First Wintertime Observations Find Ozone Soaring near Natural Gas 
Field 

January 18, 2009 

During the past three winters, ozone—normally linked to hot-weather and urban pollution—has soared to health-

threatening levels near a remote natural gas field in northwestern Wyoming. Now, scientists at NOAA’s Earth System 

Research Laboratory have solved the problem of how ozone can form in cold weather at levels threatening to human 

health. 

Their results, published Jan. 18 in the journal Nature Geosciences, are forcing researchers to rethink the mechanics of 

ground-level ozone production. 

The NOAA analysis, the first ever for rapid ozone production in cold temperatures, suggests the problem could be more 

widespread. 

“Rapid production of wintertime ozone is probably occurring in other regions of the western United States, in Canada, and 

around the world,” said lead author Russell Schnell, with the NOAA research lab. “Wintertime ozone could be forming 

wherever gaseous fossil fuels are being extracted in conditions similar to those at the Wyoming site.” 

Among other likely areas are Russia, Kazakhstan, Mongolia, and China, according to Schnell. Ozone measurements in 

most of these regions are limited or nonexistent in winter. 

A main ingredient of urban smog, ozone can cause severe respiratory effects, especially in children, the elderly, and 

asthmatics. It also damages crops, trees and other vegetation. The Environmental Protection Agency sets air-quality 

standards for ground-level ozone pollution in the United States. 

Ozone’s harmful contribution to smog is far different from the chemical’s effect high in the atmosphere, where the natural 

ozone layer blocks damaging solar radiation from reaching Earth’s surface. 

The NOAA team found ozone was rapidly produced on frigid February days in 2008 when three factors converged: 

ozone-forming chemicals from the natural gas field, a strong temperature inversion that trapped the chemicals close to the 

ground, and extensive snow cover, which provided enough reflected sunlight to jump-start the needed chemical reactions. 

Motor vehicle exhaust, industrial gases and other urban emissions, as well as natural sources, produce the chemicals that 

then form ozone. But it was previously thought direct sunlight and hot weather were also required for high ozone 

concentrations to occur. For that reason, ozone is routinely monitored only between April and October in the United 

States. 

But from January to March 2008, instruments near the Jonah and Pinedale Anticline natural gas field showed that on 14 

days ozone exceeded the Environmental Protection Agency’s standard of 75-parts-per-billion (ppb) averaged over eight 

hours. At times, single-hour averages topped 140 ppb—rivaling peak summertime levels of 150 ppb measured in highly 

polluted cities. The state of Wyoming issued its first ever wintertime ozone advisories during those months. 

The Jonah and Pinedale Anticline site, located in Wyoming’s Upper Green River Basin, is one of the largest and most 

concentrated natural gas fields in the United States. In 2007 energy companies extracted more than $4 billion of natural 

gas—enough to provide the natural gas needs of 17 million U.S. homes for a year. 

NOAA understands and predicts changes in the Earth's environment, from the depths of the ocean to the surface of the 
sun, and conserves and manages our coastal and marine resources. 

2/17/2010 1:57 PM 

Privacy Policy  | FOIA  | Information Quality  | USA.gov  | Ready.gov  | Site Map  | Contact Webmaster 

1 of 1 

Attachment 30 
Page 1 of 1

http:Ready.gov
http://www.noaanews.noaa.gov/stories2009/20090118_ozone.html


AEWC ICAS NSB

List of Tables 

List of Tables 

3.1.1-1 Alaska North Slope Oil and Gas Discoveries as of May 2008 
3.1.1-2 Present Development: Estimated Reserve Data 
3.1.1-3 Future Lease Sales 
3.1.1-4 Past Development: 2007 Production and Reserve Data 
3.2.1-1 Undiscovered Oil and Gas Resources of Arctic Alaska Petroleum Province 
3.2.1-2 Arctic Alaska Developed Oil and Gas Fields, Remaining Reserves, Production, and 

Original Reserves 
3.2.1-3 Arctic Alaska Undeveloped Oil and Gas Discoveries and Estimated Resources 
3.2.2-1 Temperature Trend for Barrow and Kotzebue (1949-2007) 
3.2.3-1 Average Monthly Discharge in the Beaufort Sea from Ganged Rivers 
3.2.4-1 Mean Occurrence Dates (1996-2004) for Landfast Ice Conditions 
3.2.6-1 Amhient Air Quality Standards Relevant to the Chukchi Sea Planning Area 
3.2.6-2 Measured Air Pollutant Concentrations at Prudhoe Bay, Alaska 1990-1996 
3.2.7-1 A Comparison of Most Common Sound Levels from Various Sources 
3.4.1-1 Estimated Number of Jobs by Sector, North Slope Borough Residents Only 
3.4.1-2 Employment of Residents by Sector, North Slope Communities, 2003 
3.4.1-3 Employment Estimates (in thousands) (nonagricultural wage and salary 

employment) 
3.4.2-1 Subsistence Resources Used in Point Lay, Wainwright, Barrow, Atqasnk, and 

Nuiqsnt (English, Scientific, and Inupiaq Names) 
3.4.2-2 Proportion ofIllupiat Household Food Obtained from Subsistence Activities, 1977, 

1988, 1993, 1998 
3.4.2-3 Kaktovik 1992 Subsistence-Harvest Snmmary for Marine Mammals, Terrestrial 

Mammals, Fish, and Birds 
3.4.2-4 Number ofSnrveyed Households in Kaktovik in Each of Four Seasons, December 

1994 to November 1995 
3.4.2-5 Kaktovik Subsistence Harvest by Month (total number taken), December 1994 to 

November 1995 
3.4.2-6 Annual Polar Bear Harvest for Barrow, Nuiqsut, Wainwright, Point Lay, Point 

Hope, and Kivalina, 1983-2005 
3.4.2-7 Nuiqsut 1993 Subsistence-Harvest Summary 
3.4.2-8 Nuiqsut Subsistence Harvest by Month, July 1994 to June 1995 
3.4.2-9 Annual Bowhead Whale Snbsistence Harvest for Beaufort and Chnkchi Sea 

Villages, 1982-2005 
3.4.2-10 Annual Beluga Whale Harvest for Barrow, Wainwright, Point Lay, Point Hope, 

and Kivalina, 1980-2006 
3.4.2-11 Annual Walrus Harvest for Barrow, Wainwright, Point Lay, Point Hope, and 

Kivalina, 1985-2005 
3.4.2-12 Species Harvested by Barrow Residents, 1987-1990 
3.4.2-13 Barrow 1989 Subsistence-Harvest Summary for Marine Mammals, Terrestrial 

Mammals, Fish, and Birds 
3.4.2-14 Atqasuk 1988 Subsistence Participation Levels by Household 
3.4.2-15 Atqasuk Subsistence Harvest by Month, July 1994 to June 1995 

Arctic Multiple-Sale Draft EIS November 2008 
3.4.2-16 Wainwright 1989 Subsistence-Harvest Summary for Marine Mammals, Terrestrial 

Mammals, Fish, and Birds 
3.4.2-17 Point Lay 1997 Subsistence-Harvest Summary for Marine Mammals, Terrestrial 

Mammals, Fish, and Birds 
3.4.2-18 Point Lay 1992 Subsistence Participation Rates and Resources 

Arctic Multiple-Sale Draft EIS November 2008 

Attachment 31 
Page 1 of 7



Tables 

Table 3.4.5-4 Social and Psychological Health Problems, North Slope Borough 
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access 
N/A 

N/A 13 

N/A 10 9 

11.9 I 97.7 

Air Air 

Notes: 
aDomestic Violence Impact and Needs in North Slope Borough Communities Report: 
January to December 2003. Denominator based on 2000 Census. Not age adjusted. 
bU.S. Dept. of Health and Human Services: Office on Women's Health Quick Health 
Data Online. 
'Alaska Council on Domestic Violence and Sexual Assault: Annual Report Fiscal Year 

2006. 

'U.S. Dept. of Justice: 2006 Crime in the United States. Rates are not age adjusted. 

Caution must be taken in making comparisons in rates, given demographic differences 

and community size. 

'"'Rates based on fewer than 20 incidents; rates are, therefore, less reliable. 
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Table 3.4.5-5 Summary of Available Indicators on Food, Nutrition, and Physical Activity 
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'from Alaska Dept. of Fish and Game, Subsistence Div. 

d North Slope Borough (2003a); Shepro and Maas, from NSB Comprehensive Plan Village Profiles (http://Www.north

slope.org/NSB/CompPLAN/PtLayViliageProfile06.pdf) 

sAreas surveyed in Alaska include NSB, NANA, and Bering Straits regions only. 

'SLiCA 


least half of 

87% 

Noles: 
'Luick (2008) 

"Average of 19 Alaskan cities surveyed. 
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Table 3.4.5-6 Summary of Available indicators of Maternal Child Health 

Source: State of Alaska, Dept. of Health and Human Services (2008) 

'Perham-Hester, Wiens, and Schoellhorn (2005) 

"Based on less than 10 events and, therefore, the calculated rate is less reliable. 


Table 3.4.5-7 Number of North Slope Borough Households with Piped Water and 
Flush Toilets 

Indicator Pt. HaDe Pl'l.av", WalnwrlahL "Nulllsut KaktClvlk BarrOw. 
Houses with 60% (40% 
piped water 250ijallon 

N/A holdinQ tank) 94% 88% 90% 92% 
Households with Approx. 
flush toilets 90% No data 93% 90% 90% 90% 

Source: North Slope Borough (2005) 
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Table 3.4.5-8 North Slope Borough Region Emission Summary 

,Tomb'"
PTE 'cT '01, Notes 

Deadhorse Soil Remediation Unit 314 I 107 I 25 I 14 I '''~ I " I u 

IOnly total 
emissions 

TAP' Pump Station No.1 11/2212002 I 1,501 I NP" NP NP NP NP NP 
VIII} lULaI 

emissions 
, TAP Pump Station No.2 11/2212002 1,465 NP NP 1 NP 1 NP 1 NP NP' 

"AP Pump Station No.3 
-ap Pump Station No.4 I IfLL,,,,,,,, 

1,426 
1,256 

695 
571 

526 
495 

108 
97 

83 
79 

14 
14 

NP 
NP 

:rude Oil Topping Unit 7/29/2002 456 118 132 139 56 11 NP 
'rudhoe Bay Operating 
Cnn~tnlction Camp 10/4/2002 498 231 I 151 46 52 19 I NP 

, Bay, Grind and Eject Facility 33 161 13 _--.1 2 1 I NP 
"uUlluB Bay, Central Power Station 11712003 7,672 6,110 1,165 150 63 184 20 
Milne Point, C-Pad 112112003 227 90 75 4 8 50 5 

.. ~ Bay, Flow Station No.3 5,564 4,235 1.171 100 42 16 NP , 
, Bay, Flow Station No.1 3/31/2003 3.910 2,872 889 84 35 30 18 I 

Milne Point Production t-acillt 
Prudhoe Bay, Seawater Treatnltjlll 

41" 1,4§1 
7071 4481 361 771 

213 
1 NP 

Plant 7631 395 280 35 28 25 13 

I Plant 
Bay, Central vompreS50r 81412003 

, Bay, Central Gas Facility 
Center 

, FaciiilY 10/14/2003 5,243 3,756 972 120 ~..u ..~ 10 

, Bay, Gathering Center No.1 10/20/2003 6,485 4,912 1,374 107 48 44 22 I 
, Bay, Gathering Center No.2 12/2912006 3,239 2.389 688 86 33 43 151 l 

Bay, Flow Station No.2 1012012003 4,974 3,663 1,108 91 83 29 
P It Facility 

Bay, Base Center 
Bay, ~ Center No.3 

I ::::IUUIIUe Bay, Injection Plant 
LJ:.ast 10/27/2003 

12 
Transportable Drilling Rigs. 

welL~ads 11/1712003 3,420 I 2,376 I 600 9612521 96 
drill rigs <25 I ___.L ____ _ 

, Facility 
r - - - -

4/2008 2,253 L_ 562 I .1.153 331' 57 150 9 

I 

, 
No.2 

, Central Production Faciltty 
11, 3,986 I 2.777 I 907 86 I 185 31 NP 
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1 APSC 
APSC 
BPXA' 
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BP) 
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BPXJ 

I BPXA 
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BPXA 

1 BPXA 
BPXA 
BPXA 
BPXA 
BPXA 
BPXA 
BPXA 
BPXA 
BPXA 
BPXA 

BPXA 

BPXA 

CPAI' 
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Table 3.4.5-8 North Slope Borough Region Emission Summary (cont'd.) 

CPAI 

NP I NP 

Deadhorse Power Plant 12/6/2005 240 14 

Notes: 
Table compiled by North Slope Borough using Alaska Dept. of EnVironmental Conservation data records available on State website; updated August 2008. 
1nitrous oxide; 2carbon monoxide; 3particulate matter less than 10 microns in diameter; 5VDlatile organic compound; 6hazardous air pollutant; 7Alyeska Pipeline 
Service Co.; aBP Exploration (Alaska), Inc.; ·ConocoPhillips Alaska. Inc.; .oNorth Slope Borough. 
'This is the estimated maximum emissions used for permitting a facility; actual emissions should be less than PTE. 
"HAP emission estimates were not provided in permitting documentation for many sources; therefore, HAP emissions likely are underestimated. 
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Table 3.4.5-8 North Slope Borough Region Emission Summary (cont'd). 
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of emissions on 

Notes: 
1. Mobile Sources of Emissions, such as seismic units, trucks, cranes, vessels and other construction and maintenance equipment are not included in this 
emission estimate, and are significant sources of air pollution in the North Slope Borough. 
2. Hazardous Air Pollutants are not quantified for some facilities. and test data and verification is limited. These numbers are estimates only and require additional 
work to verify accuracy. 
3. Exploratory Mining Operation, emission sources are not included in this summary. Coal exploration is ongOing in the western North Slope Borough region. 
4. Exploratory Drilling Operations. emissions sources for operators other than BPXA or CPAI are not included in this summary; additional emissions may occur as 
projects are proposed by other operators. 
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Greater Yellowstone Area Clean Air Partnership 

Annual Meeting 

Pocatello, Idaho 


October 17th and 18t\ 2007 


GYACAP Attendees 
Name Agency Phone E-mail 
Mark Story USFS - Bozeman 406-587-6735 mtstory@fs.fed.us 
Greg Bevenger USFS -Cody 307-578-1263 gbevenger@fs.fed.us 

• Mary Hektoer NPS - YNP 307-344-2151 mary _ hektner@nps.gov 
i Paige Smith WyomingDEQ 307-777-2440 psmith@state.wy.us 
: Bob Habeck MontanaDEQ 406-444-7305 bhabeck@mt.gov 
i Debra Wolfe MontanaDEQ 406-444-7916 dwolfe@mt.gov 
·Jeff Blend MontanaDEQ 406-841-5233 jblend@mt.gov 
John Coefield MontanaDEQ 406-444-5272 jcoefield@mt.gov 

· Melissa Gibbs IdahoDEQ 208-236-6160 melissa.gibbs@deq.idaho.gov 
Pete Wagner IdahoDEQ 208-236-6165 pete.wagner@deq.idaho.gov 
Mike McGown IdahoDEQ 208-373-0575 mike.mcgown@deq.idaho.gov 
LizOzwald USFS- Lander 307-332-5460 loswald@fs.fed.us 
Kara Kleinschmidt USFS - Idaho Falls 208-557-5781 kkleinschmidt@fs.fed.us 
JayDorr USFS- Sawtooth NRA 208-727-5011 Jdorr@fs.fed.us 
Terry Svalberg USFS-Pinedale 307-367-5747 

USGS - Denver 303-236-4882 

GYACAP Welcome, Introductions, Agenda Overview, GYACAP section ofUSFS 
Rl website, USFS Class 2 Air Quality Plans Mark Story, Gallatin NF 

Mark summarized GYACAP history, the GYA air quality assessment, recently completed Class 2 
air quality plans for the Lee Metcalf and Absaroka-Beartooth Wilderness Areas, and the 
GYACAP section of the USFS Rl air quality website 
http://www.fs.fed.us/rllgallatinlresources/air/ which contains past meeting notes and the 2000 
and 2005 GYA air quality assessments. This was the 15th meeting of the GY ACAP group which 
chartered in 1997 as an advisor group to the GYCC but has since evolved to include the DEQ's in 
Montana, Wyoming, and Idaho. 

Update on Energy Development in SW Wyoming, Bridger Wilderness AQRV 
monitoring, Scab CreekiBig Sandy area IMPROVE site Terry Svalberg, Bridger 
TetonNF 

Terry summarized oil and gas development in southwest Wyoming. Approximately 7,000 wells 
have been drilled in southwest Wyoming with several new fields and continued infill of existing 
fields proposed. About 26,000 total wells (22,716 natural gas and 3,249 coalbed methane wells) 
are anticipated at full build out. Air quality modeling of the Pinedale Anticline project alone 
indicates visibility impairment, PM lO, NOx, and ozone concerns (up to 45 days greater than 
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ldeciview), PM10 levels nearing Class I PSD SIL, NOx emissions higher than originally 
modeled, and ozone levels close to exceeding current NAAQS. Industry recognizes the need for 
mitigation and is implementing numerous measures, e.g., green completion of wells, installation 
of water and condensate pipelines, water and condensate pipelines, catalytic converters for NOx, 
consolidated facilities, road dust treatments, gas powered compressor turbines, faster installation 
of control devices, and Tier 2 or betters drill rig engines. Wyoming DEQ is monitoring ambient 
air at several locations as well as a PM2.5 monitor in Pinedale. In addition the Wyoming DEQ is 
conducting additional studies ofozone, and ammonia and applying increased regulation of 
emissions in areas of high development. The Forest Service also has considerable monitoring 
including the Bridger IMPROVE site, 2 NADP sites, 2 bulk deposition sites, long term chemistry 
at 7 lakes, and a 2007 ozone damage survey. Lake chemistry monitoring indicates an upward 
trend in N03, with an upward trend in ANC at Black Joe Lake but a downward trend at the 
Hobbs Lake outlet, suggesting acidification may be taking place at Hobbs Lake. S04 trend is 
down. Bulk deposition monitoring indicates above average total N and S and the BTNF is 
pursuing critical load criteria establishment, similar to Rocky Mountain National Park in 
Colorado. The Bridger IMPROVE site shows little change in visibility but the site is north of the 
main gas development activity. The BTNF is proposing a new IMPROVE site to be located 
directly downwind of on-going activity in the Scab Creek - Big Sandy area. 

Northwest Wyoming Industrial sources, Wyoming Permitting Program 
Paige Smith Wyoming DEQ 

Paige summarized major industrial sources in Wyoming counties that are within the GYA (park, 
Fremont and Sublette) in a table handed out to meeting participants (the table also summarizes 
other counties located in southwest Wyoming). Wyoming also has a minor source permitting 
program. These minor source activities may be as much as or more of an issue than major 
sources. There are on-going efforts to quantify minor sources. Wyoming DEQ Air Quality 
Division, by statute, is prevented from directly regulating greenhouse gases (C02) since NAAQS 
does not include C02 and the other primary greenhouse gases. Emission sources from the 3 
primary counties south of the GYA are tabulated below. 

Wyoming Major Industrial Sources in Wyoming Counties South 
Of the Greater Yellowstone Area by County - 2005 emissions data 

Emissions/tpy County 
NOx CO VOC S02 
14,662 4,254 434 24,762 Total for Lincoln County . 

42,769 17,304 7,686.6 34,399 Total for Sweetwater County 
612 1,323 866.4 4,744.3 Total for Uinta County 
61,492 26,032 10,267 67,087 Total for all Six Counties 

Paige also presented graphs ofmajor sources in Western Wyoming. 
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Major Sources in Western Wyoming 
October 2007 
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Montana Fuels for Schools Program Bob Habeck, Montana DEQ 

Bob summarized efforts taking place to address boiler-type wood burners being installed at 
several western Montana schools. These boilers are being installed to use wood fuels for heating 
and to reduce fuel loading/catastrophic wildfire concerns in Montana. The primary emission 
concern is particulates, as wood fuel is more polluting than other energy sources, such as propane 
and natural gas. The exiting boilers are not EPA certified and usually have insufficient stack 
heights to disperse smoke above immediate school areas. These concerns exist at the playground 
level (direct) as well as non-attainment level (indirect and cumulative) in Montana valleys that are 
already addressing wood smoke and PM,., non-attainment issues. The Montana DEQ is working 
on permitting requirements and procedures for these size boilers. Idaho already permits these 
operations. Mitigation (BACT) is problematic due to costs. 

Biofuels & Greenhouse Gases for the GY ACAP: Biodiesel and Ethanol 
Jeff Blend, Montana DEQ 

Jeff presented an overview of Montana' s transportation biofuels program (biodiesel and starch
and cellulose-based ethanol). Net carbon reductions when compared to gasoline are large, e.g., as 
much as 98%. Demand for biofuel is growing. Presently, biodiesel production capacity is greater 
than production. Biodiesel has a positive net energy balance (3.2: 1). The jury is out on the energy 
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balance of ethanol. Use of algae is being researched not only as a biofuel but for carbon 
sequestration. Cellulose-based ethanol is better at reducing greenhouse gases than starch-based 
ethanol. 

Overview of Idaho DEQ Stationary Source Emissions Regulatory program 
Pete Wagner, Idaho DEQ 

Pete summarized the Idaho stationary source perrnittiI)g program (pSD for attainment areas, New 
Source Review for non-attainment areas). Idaho has a permit to construct process, which can be 
converted to a tier permit. Idaho does not have the ability to not issue a permit if the facility is in 
compliance with air quality standards. Pete identified some of the major and minor sources in the 
GY A and will provide a table of all sources. Notices for permitting are available on the DEQ 
website. Local transportation initiatives are taking place to reduce emissions. Idaho has a new 
cabinet level position to address energy concerns. A new coal gasification plant is proposed near 
American Falls. Mercury emissions from States to the south and west are a growing concern. 
Idaho DEQ has a new greenhouse gas position located in Boise. Agriculture burning in Idaho on 
non-tribal lands is currently shut down due to litigation. 

HR Simplot Review of Don Fertilizer Plant H.R. Simplot staff 

The HR Simplot Company - Don Plant, west of Pocatello hosted the GYACAP in tour of one of 
the major industrial facilities in Idaho. The Don Plant produces phosphoric acid, mono-
ammonium and di-ammonium phosphate, triple ammonium sulfate, and 21P and 18.5P animal 
feed. The plant has made substantial progress of reducing S02 and PM during the last 30 years. In 
1974 the annual plant emissions of SO, were 11,000 tons/year. 2006 SO, emissions were 1,642 
Tons ofS02. 1974 the annual plant PM emissions were 3,877 tons/year while 2006 PM 
emissions were 183 tons. Emission reductions have been achieved through various techniques 
including S02 scrubbers and paving plant roads to reduce dust. 

Shoshone National Forest Air Quality Program 

Greg summarized air quality management on the forest, which is tiered to the legal framework 
(Clean Air Act, other Federal laws more specific to National Forests, Forest Service manual 
direction, Forest plan direction) and the Rocky Mountainiintermountain regional program. 
Increased cooperation is occurring with the State of Wyoming relative to mercury and IMPROVE 
monitoring in the South Pass area in response to increased energy development in southwest 
Wyoming. 

Rocky Mountain Snowpack Chemistry Update: 2007 Results and New Web-based 
Reporting Plan George Ingersoll, USGS 

George summarized 2007 data and long term trends for the cooperative USGS Rocky Mountain 
snow chemistry snow sampling network. Sulfate was generally level or decreasing in north and 
central subregions, but increasing in the south subregion. Nitrogen is on the rise in the central 
and south subregions. Changes in snowmobile and snowcoach use in Yellowstone have reduced 
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NH4 and S04 deposition, but there is a question whether there will be a rebound with increased 
numbers of snowcoaches being used. George is submitting a USGS publication that compares the 
Rocky Mountain USGS long-term snowpack study to NADP data, which is showing opposing 
trend results for some parameters. The paper suggests the differences may be due to precipitation 
catch inefficiency at the NADP sites as the NADP sites capture wet deposition while the 
snowpack acts a bulk collector of both wet and dry deposition .. The USGS Colorado Water 
Resource Division is developing a website that will accelerate availability of the snowpack 
chemistry data. Anyone interested in assisting with how best to structure the web site can contact 
George. 

Montana's Air Now Website (emphasis on 2007 fires) 
John Coefield, Montana DEQ 

John summarized smoke monitoring conducted in Montana during the 2007 fire season. 
Considerable smoke from the massive 2007 Idaho wildfues combined with several large Montana 
wildfires to result is a robust smoke concentration in July - September in much of western 
Montana. Daily updates were provided to the public on a Montana DEQ website 
(www.deq.mt.gov/frreupdates). Advisories were issued initially using 2007 EPA air quality index 
values then switching later in the season to State of Washington air quality index values, which 
are more stringent. The advisories consider AQI breakpoints based on visibility, which allows 
residents to evaluate their own situation, as not all areas have monitors. Improvements will be 
made to the website this winter. Additionally, discussions will be held on determining effects of 
short term iropacts versus 24-hour averages. The Montana DEQ is developing criteria to manage 
WFU relative to concurrent wildfires and smoke concentrations. Considerable discussion 
centered on smoke related health issues and wildfire smoke health problems in Montana 
in 2007. 

Idaho Wildfire Smoke 2007 Mike McGowan, Idaho DEQ 

Mike summarized the massive wildfire smoke emissions situation in Idaho, which at over 
2,000,000 million acres burned had the most fires and largest acreage burned of any State in 
2007. Several of the larger smoke complexes in Idaho were discussed, most ofwhich were on 
National Forests in central and southern Idaho. The existing monitoring network in Idaho is 
insufficient for adequately monitoring particulate concentrations since many of the wildfire areas 
are remote. Funding to improve the network may be forthcoming. Objectives would be 1) 
acquire real-tiroe instrumentation, 2) provide web-based real-time data, 3) provide better 
coordination of health messages, and 4) iroprove coordination with other states. 

Mike also summarized the agricultural burning situation in Idaho. The 9th Circuit determined SIP 
demonstration is not adequate resulting in agriculture burning being banned until demonstration is 
made. Negotiations are occurring between growers and Safe Air for Everyone (SAFE). Tribal 
lands are not affected. 

Federal Implementation Plan for Billings Oil Refmeries Deb Wolfe, Montana DEQ 

Deb summarized the status ofFIP development for the CENEX, EXXON, and CONOCO 
refineries in the Billings, Montana area. When the SIP was implemented in the early 1990s S02 
emissions dropped dramatically. A consent degree process has been useful to further manage and 
reduce emissions. EPA, however, has formulated FIP based on concerns with stack height, 
flaring, and mass-based emissions. The Montana DEQ is concerned with FIP related primacy 
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issues and potential enforcement requirements, difficulty in directly monitoring flaring emissions, 
and that additional mitigation/regulation is non-significant relative to further potential emission 
reductions. 

Montana Community Urban Chemical Mass Balance Results 

Bob summarized new non-attainment PM2., areas in Montana which include Libby, Missoula, 
Hamilton, and Butte. Additional potential non-attainment areas (due to the PM2.5 24 hour 
standard of35 ueq/m3) include Helena, BelgradelBozeman, and Seeley Lake. The Montana 
DEQ is implementing studies of these areas. Urban chemical mass balance analysis is used to 
determine non-attainment source apportionment. Wood burning smoke (organic carbon) is 
frequently a main source in the non-attainment area. Larger geographic areas will be used to 
defme non-attainment boundaries, e.g., county lines such as Ravalli County for Hamilton. Smoke 
management impact zones will be larger as well. 

Yellowstone National Park - Winter Use Plan 
Mary Hektner, Yellowstone National Park 

Mal)' summarized the draft winter use plan, new air quality concerns, air monitoring station 
equipment use changes, and the greening program. Additional information can be found at 
www2.nature.nps.gov/airand www.nps.gov/yeillplanning. CO and PM2.5 emissions in 
Yellowstone NP have dropped dramatically since snowmobile use controls were put into place. 
These emissions, however, continue to be much higher in the winter than summer, due to higher 
per vehicle emissions of snowmobiles and snow coaches and lower mixing heights and reduced 
winter dispersion. These data are factored into the draft winter use plan. The preferred alternative 
allows for 530 guided snowmobiles per day. Also, additional BAT requirements will be placed on 
snow coaches beginning in 2011. There is a growing concern with ammonia deposition in the 
Park. The source is unknown at this point, but a possibility is increasing numbers of dail)' cattle 
in southern Idaho. Instrumentation and data collection reliability is being upgraded at certain air 
and weather station locations. ECOS, a consultant hired by the Park, recently conducted a 
greenhouse gas audit. Yellowstone NP is proposing significant greenhouse gas reductions over 
time through reductions in electricity use, wood burning, water consumption, and banning in 
YNP sales of plastic water bottle and bags. ECOS estimates that YNP CO2 emissions are about 
40,000 tons/year. Yellowstone Park is contemplating greenhouse reduction goals of a 30% 
reduction by 2016 and a 50% reduction by 2025. 

2008 GYACAP Meeting Pinedale, Wyoming - Bridger Teton NF and Wyoming 
DEQ 

The next GY ACAP meeting will be held in Pinedale, WY October 15th and 16th
, 2008. The 

meeting theme will be the gas development in SW Wyoming with a focus on small source 
emissions some of the new technology for well field (drill rigs) and production emission 
reductions. Terry Svalburg and Paige Smith will take the lead on agenda and logistics. The 
agenda will include 2 days of Y:. field trips and Y:. indoor presentations. The field trips will 
include the Jonah gas field and Pinedale Anticline gas fields focusing on some of the new drilling 
and emission reduction techniques. At least I ambient air quality monitoring site will also be 
included in the field trips. Due to the limited motel space in Pinedale, meeting notices and motel 
reservations will be made in the spring of 2008. 
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BARROW SNOWMELT DATE 
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BACKGROUND 

To understand global climate change more fully it is necessary to assess the variability of earth's 

cryosphere in response to other climatic factors. In particular, the timing of the disappearance of 

snow each year can influence the net energy budget for an entire season. Feedbacks involving the 

change in surface albedo may enhance or diminish any response, which may be manifested in the 

regional temperature regime. At the NOAAlCMDL Barrow Observatory (BRW) the date of snowmelt 

has been observed since the late 1940s. A continuous record, on the basis of visual observations, of 

this event in Barrow has been kept by the National Weather Service. In recent years, NOAA has 

also made a determination of the snow disappearance date on the basis of objective, radiometric 

measurements made over open tundra. This is illustrated in Figure 1 which shows a typical annual 

cycle of the solar, or shortwave SW, components ofthe net radiation balance on a daily average 

basis and also the derived surface albedo. 

VARIATION OF SOLAR RADIATION AT BARROW FOR 1994 

I of5 10119/2009 5: 10 PM 
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Figure 1. Daily average downward and upward shortwave irradiance measured at the NOAA!CMDL 

Barrow Observatory during 1994 (top panel). The date of snow melt is determined radiometrically as 

the date when the surface albedo drops below 30%. [adapted from Stone, et aI., 1996] 

NOM has selected a threshold of 30% albedo, the ratio of upward-to- downward SW irradiance, as 

a good indicator of final melt out. The date is determined to be that of the first daily average below 

30%. Once this occurs each spring albedo seldom increases again until autumn except for an 

occasional late snowfall of brief duration that can occur even during summer. What is remarkable is 

that this annual event occurs over only a few days as Figure 1 indicates. However, snow 

disappearance each spring is highly variable from year to year, which in turn can influences the 

annual energy budget quite significantly. The timing of seasonal snow melt at high latitudes is 

potentially one of the most important but least understood processes that affects global climate 

through the "temperature - albedo feedback" mentioned above. Any long-term, regional trend in the 

distribution and melt of the snow pack may be interpreted as a manifestation of climate change. 

Therefore, we are examining the history of the Barrow snow melt date in great detail to understand 

why it varies and to determine if it is occurring earlier in response to global warming. 

HISTORICAL SNOWMELT TIME SERIES 

Foster (1989) claimed that the disappearance of snow in spring at Barrow showed a trend 

manifested by a progressively earlier melt since the 1950s, speculating that this was an indication of 

global warming. Dutton and Endres (1991), however, took issue with Foster's conclusion, 

suggesting that the apparent trend was, in large part, attributable to local urbanization effects. Their 

argument was based on more objective, radiometric measurements made over the open tundra, 

upwind of Barrow at the NOAA! CMDL Observatory (BRW). These were certain not to be influenced 

by urban effects, but the analysis was based on only a few years of overlapping data. 

HISTORY OF BARROW SNOW MELT DATE 
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Figure 2. The date of snow melt in the vicinity of Barrow has apparently occurred earlier in recent 

years. In town, the disappearance of snow is occurring earlier than at the NOAA CMDL Observatory 

located at a remote tundra site, possibly because of the effect of urbanization (e.g., Dutton and 

Endres, 1991). 

The issue is revisited in the Figure 2 above, which shows the respective time series updated 

through 1996. It now appears that the radiometric estimates of the snowmelt date out on the tundra 

are also tending to occur earlier in recent years. Moreover, there is fair temporal correlation between 

the two independent observations giving credence to both data records. It is hypothesized that 

earlier melting of the snow pack, on average, each spring may result from a) less than normal 

accumulation of snow throughout the winter months, b) warmer spring temperatures that 

accelerates ablation/melt or c) a combination of a and b. 

EVIDENCE OF A REGIONAL TREND IN THE DATE OF SNOW DISAPPEARANCE ON THE 

NORTH SLOPE OF ALASKA 

Figure 3a shows time series of melt dates and proxy observations from six other North Slope sites 

that are correlated with the 1966-2000 BRW record. The locations of these sites are indicated on the 

map, Figure 3b. Yearly data were analyzed to determine trends and correlation coefficients, but 

only 5-year-smoothed data are presented. The Sagwon SAG (69.4'N, 148.8'W; elev. 351 m) and 

Franklin Bluffs FBF (69.9'N, 148.1'W; elev. 76 m) melt dates were determined using a 0.30 albedo 

threshold (e.g., Figure 1 ). Both sites are within the Kuparuk River Watershed located southeast of 

Barrow. Barter Island BTl (70.1'N, 143.6'W; elev. 15 m) was another NWS station where, until 

1987, melt dates were determined from snow depth data. The series labeled satellite SAT was 

derived from visible satellite images of a strip of tundra about 150 km south of Barrow, Alaska 

[Foster et aI., 1992]. The upper two curves in Figure 3a are proxy records. Cooper Island CPI 

(71.7'N, 155.7'W; elev. 3 m) is a time series of dates when a species of Arctic bird, the Black 

Guillemot, first lays an egg. Each spring Guillemots nest on the island but only after the snow melts 

and they have access to nest cavities do they breed, producing their first clutch of eggs about two 

weeks later. Isaktoak ISK is a time series of dates when ice has melted completely off of the 

Isaktoak Lagoon, which is located in the village of Barrow. These proxy records are correlated with 

the BRW time series suggesting that snowmelt and ice melt are influenced similarly by variations in 

climate. The dashed curve in Figure 3a represents an ensemble average of all observations 

normalized to the average timing of the BRW melt date. A linear fit of this 142 station-year record 

shows an advance in the spring melt of 8.0 days over 35 years 4.0 at a confidence level of 95%. 

However, the correlated variations of time series shown in Figure 3a are more indicative of climatic 

shifts than of a monotonic change. Note also that the melt tends to progress from the more 

southerly locations of the Kuparuk River Watershed, northward toward the coast (e.g., Barter Is.), 

and last in the vicinity of Barrow. Also, the dates of snow disappearance at all sites were moderately 

late in 1999 and 2000 and again in 2001 (not shown) indicating a recent shift in the conditions or 

factors that influence the timing of the spring melt in northern Alaska. These factors, which include 

snowfall amounts, temperatures, and sky cover that vary with synoptic conditions are discussed in 

Stone et al. [2001a, http://www.arm.gov/docs/documents/technicaliconC0103/stone-rs.pdf; and 

2001 b]. 
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Figure 3. (a) Analyses of six independent time series of melt dates compared with the 1966·2000 

BRW melt date record (updated from Figure 2). 5-year smoothed time series, and linear fits are 

shown. Each is correlated wnh the NOAAlCMDL-BRW record (red) with coefficients indicated [in 

brackets] for each of the sites described in the text. The dashed analysis (unlabeled) is for an 

ensemble average of the 142-station years, normalized to the BRW time frame, (b) map view of 

northern Alaska showing the approximate locations of the seven sites for which time series analyses 

shown in Figure 3a were made. Each is color·coded for cross·reference. [adapted from Stone et aI., 

2001b] 
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Introduction 

Barrow - NOAA/GMD 
Contributors 

Parameter Inventory Parameter Metadata Station Contributor Data/
 
Quick Plot
 Parameter Types of Parameters 

(Data/Quick Category Period Update 
Data included Barrow Plot) 

-------- 13CH4 Air sampling 
1998-01-03 - 1999-12-25 event 2006-03-23 

flask observation 
Catalogue
 

search
 *13CO2 Air sampling event, 
1990-01-01 - 2007-12-29 2009-08-03 

Search flask observation monthly
 
form
 

C18O2 
* Air sampling event,
 

Map 1990-01-06 - 2007-12-29 2009-08-03 
flask observation monthly search 

Advanced C2Cl4 Air sampling 
1993-12-11 - 1997-12-24 event 2006-03-23 search flask observation 

and plot 

CBrClF2 Air sampling -------- 1992-02-14 - 2008-08-01 event 2008-10-09 
flask observation 

*FTP 
CBrClF2 Air sampling hourly, daily, 

1998-01-01 - 2009-10-01 2009-10-21 
-------- continuous observation monthly 

Sample CBrF3 Air sampling event, 
1989-08-03 - 2006-12-01 2008-10-09 

programs flask observation monthly 

Publications CCl4 Air sampling event, 
1977-01-01 - 2003-12-01 2006-03-23 

flask observation monthly
 
Related
 

*Links CCl4 Air sampling hourly, daily, 
1987-01-01 - 2009-10-01 2009-10-21 

continuous observation monthly 
Update 

Note cfc11, 
CFCs * Air sampling hourly, daily, 

1987-01-01 - 2009-10-01 2009-11-05 cfc113, 
Home continuous observation monthly 

cfc12 

cfc11, 
CFCs * Air sampling event, 

Site Map 1977-01-01 - 2009-05-09 2009-11-05 cfc113, 
flask observation monthly 

cfc12 

CH2Cl2 Air sampling 
1994-07-22 - 1997-12-24 event 2006-03-23 

flask observation 

CH3Br * Air sampling 
1994-01-26 - 2009-05-09 event 2009-10-09 

flask observation 

CH3CCl3 Air sampling 
1992-04-08 - 2008-08-01 event 2008-10-08 

flask observation 

*CH3CCl3 Air sampling hourly, daily, 
1987-01-01 - 2009-10-01 2009-10-21 

observation monthly WDCGG Data continuous 
Submission and 
Dissemination CH3Cl * Air sampling hourly, daily, 

1998-01-01 - 2009-10-01 2009-10-21 
Guide (PDF continuous observation monthly 
1.2Mbyte) 

* *CH4 Air sampling hourly, daily, 
1986-01-01 - 2008-12-31 2009-04-13 

continuous observation monthly 

2/17/2010 12:49 PM 

* *CH4 Air sampling event, 
1983-04-01 - 2008-12-28 2009-07-23 

flask observation monthly 

CO * Air sampling event, 
1988-07-01 - 2008-12-28 2009-07-31 

flask observation monthly 

* *CO2 Air sampling hourly, daily, 
1973 07 01 2008 12 31 2009 04 13 

2 of 3 

Attachment 34 
Page 2 of 3

http://gaw.kishou.go.jp/cgi-bin/wdcgg/accessdata.cgi?index=BRW471N


  
 

 

 
 

 
 

 
 

 
 

  
 

 

 

 
 

   

 
 

  
  

   

  

 

 World Data Centre for Greenhouse Gases (WDCGG) http://gaw.kishou.go.jp/cgi-bin/wdcgg/accessdata.cgi?index=BRW471N... 

AEWC ICAS NSB
* * WDCGG leaflet CO2 Air sampling event, 

1971-04-25 - 2008-12-28 2009-07-31 
(PDF 2.7MByte, flask observation monthly 
July 2008) 

H2 
flask 

HCFCs * 

continuous 

HCFCs * 

flask 

HFCs * 

flask 

N2O * 

flask 

N2O * * 

continuous 

O3 
continuous 

SF6 
flask 

*SF6 
continuous 

MET * 

Air sampling event, 
1988-07-24 - 2005-07-01 2007-09-19 

observation monthly 

Air sampling hourly, daily, 
1998-01-01 - 2009-07-04 2009-07-31 

observation monthly 

Air sampling 
1992-04-08 - 2009-05-09 event 2009-10-09 

observation 

Air sampling 
1994-10-07 - 2009-05-09 event 2009-10-09 

observation
 

Air sampling event,
 
1977-09-01 - 2004-03-01 2006-03-23 

observation monthly 

Air sampling hourly, daily, 
1987-01-01 - 2010-02-01 2010-02-10 

observation monthly 

Air sampling hourly, daily, 
1973-03-01 - 2005-12-31 2006-09-29 

observation monthly 

Air sampling event, 
1994-12-24 - 2005-08-18 2006-03-23 

observation monthly 

Air sampling hourly, daily, 
1998-01-01 - 2010-02-01 2010-02-10 

observation monthly 

Meteorological Data 1971-04-25 - 2007-08-17 event, hourly 2010-01-25 

Category Parameter Country/Territory Contributor

 Updated in
 
the last 365 days
 

This site is maintained by the Japan Meteorological Agency 
in cooperation with the World Meteorological Organization 

(Created : 2001/07/02  Modified : 2010/02/17) 

WMO World Data Centre for Greenhouse Gases
 
c/o Japan Meteorological Agency
 

1-3-4, Otemachi, Chiyoda-ku
 
Tokyo 100-8122, Japan
 

Tel: +81-3-3287-3439 

Fax: +81-3-3211-4640 

E-mail: wdcgg@met.kishou.go.jp 

hcfc142b, 
hcfc22 

hcfc141b, 
hcfc142b, 
hcfc22 

hfc134a 
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Abstract 

Ozone pollution from future ship traffic in the 
Arctic northern passages 
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With sea ice expected to recede in the Arctic during the 21st century as a result ofprojected 
climate 'wanning, global shippingpatterm will change considerably in the decades ahead. The 
opening ofviable shipping routes through the Northern passages will generate new 
environmental problems including the degradation ofair quality in the Arctic. The release of 
considerable amounts ofcarbon monoxide, nitric oxide and other chemical substances by the 
ship's combustion engines will enhance the level of atmospheric photooxidan15 and other 
secondary pollutants in this region Here we show that, during the summer rmnihs, surface 
ozone concentrations in the Arctic could be enhanced by a factor of2-3 in the decades ahead as 
a consequence ofship operations through the northern passages. Projected ozone concentrations 
of40--60 ppbv from July to September are comparable to sunDnertime values currently 
observed in many industrialized regions in the Northern Hemisphere. 
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MEMORANDUM 

May 20, 2008 

To: Members of the Committee on Oversight and Government Reform 

Fr: Committee on Oversight and Government Reform, Majority Staff 

Re: Supplemental Information on the Ozone NAAQS 

This memorandum provides additional infonnation about tbe Environmental Protection 
Agency's revision oftbe national ambient air quality standards for ozone. The memorandum is 
based on a review of approximately 30,000 pages ofpreviously undisclosed documents received 
from EPA and the White House Office ofManagement and Budget, as well as publicly available 
documents. 

On March 12, 2008, pursuant to a court-ordered deadline, EPA issued two revised 
national ambient air quality standards (NAAQS) for ozone (03): a "primary" standard tbat 
protects human health and a "secondary" standard that protects tbe environment. EPA 
Administrator Stephen Johnson set both tbe primary standard and tbe secondary standard at tbe 
same level: 75 parts per billion over an eight-hour period. 

The Committee's investigation shows tbat tbe process that led to tbe new standards was 
highly unusual, particularly tbe process of setting tbe secondary standard. EPA's expert advisory 
panel, tbe Clean Air Scientific Advisory Committee, had unanimously recommended that to 
protect crops and vegetation, EPA establish a secondary standard tbat limited long-tenn, 
cumulative exposure over a tbree-montb growing season, not a short-term eight-hour standard. 
EPA Administrator Johnson agreed witb tbis recommendation. The draft rule, as submitted to 
tbe White House by Administrator Johnson, described the evidence supporting a cumulative, 
seasonal standard as "compelling." 

Late on March II, tbe evening before tbe court-ordered deadline, EPA was infonned tbat 
tbe President had rejected tbe position oftbe EPA Administrator and tbe Clean Air Scientific 
Advisory Committee. This decision set off what one official described as an "emergency 
rewrite" to justify setting tbe secondary standard at the same level as tbe primary standard, as tbe 
White House directed. The final rule dropped tbe language in tbe draft tbat concluded a 
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cumulative, seasonal standard was "necessary ... to ensure the requisite degree ofprotection." In 
its place, the final rule stated: "The Administrator ... does not believe that an alternative 
cumulative, seasonal standard is needed." 

The documents show that the EPA staff questioned both the legality and motivation for 
the last-minute change in the secondary standard: 

• 	 An EPA associate director commented: "Looks like pure politics." 

• 	 An EPA lawyer wrote: "we could be in a position of having to fend off contempt 
proceedings.... The obligation to promulgate a rule arguably means to promulgate one 
that is nominally defensible." 

• 	 A career official stated: "I have been working on NAAQS for over 30 years and have yet 
to see anything like this." 

• 	 A career official charged with revising communications materials for the final rule wrote: 
"I don't think that we need to repeat all this ... um... stuff .... about 'parks and forests' 
when we're not doing anything to protect them .... No need to distinguish which types of 
vegetation are in need of additional protection, since we're not really protecting any of 
them properly!" 

The Committee sought to learn the basis for the President's decision to reject the 
recommendations of the EPA Administrator and the Clean Air Scientific Advisory Committee. 
The White House, however, is withholding hundreds ofpages of documents that would explain 
what happened inside the White House. 

I. 	 Background 

Ozone is an air pollutant that contributes to what is typically referred to as smog. When 
ozone is inhaled, it reacts chemically with biological molecules in the respiratory tract, causing 
serious adverse health effects. Exposure to ozone can decrease lung function, cause 
inflammation ofairways, and induce respiratory symptoms such as coughing, throat irritation, 
chest tightness, wheezing, pain, burning, discomfort, and shortness of breath. Exposure to ozone 
can result in school absences, doctor visits, emergency room visits, hospital admissions, and 
even premature death. 

Ozone can also damage sensitive vegetation and ecosystems. According to EPA, ozone 
injures crof production and native vegetation and ecosystems "more than any other air 
pollutant." Ozone exposure can damage leaves, interfere with photosynthesis, and reduce the 
ability of sensitive species to adapt to or withstand environmental stresses, such as freezing 

I Environmental Protection Agency, Review ofNational Ambient Air Quality Stimdards 
for Ozone: Policy Assessment ofScientific and Technical Information, at 7-1 (Jan. 2007) (EPA
452fR-07-003). 
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temperatures and pest infestation? Exposure to ozone reduces crop yields for fruits and 
vegetables and can stunt the growth oftrees.3 

The Clean Air Act requires EPA to protect against the public health and environmental 
effects ofozone by establishing national ambient air quality standards.4 Under the Act, EPA is 
required to establish two standards: (1) a primary standard for the protection ofpublic health; 
and (2) a secondary standard for the protection of "public welfare," including the environment.s 

These standards must be established without regard to compliance costs. In 2001, in the case of 
Whitman v. American Trucking Association, the Supreme Court ruled that "EPA may not 
consider implementation costs in setting the secondary NAAQS.,,6 

Once national ambient air quality standards are established, states must develop plans to 
ensure that the standards are not exceeded. In the case ofprimary standards, the Clean Air Act 
establishes deadlines for compliance, with areas with greater pollution challenges being given 
more time to achieve healthy air.7 In the case of secondary standards, the Act requires eventual 
compliance, but does not establish any mandatory deadline.8 Although costs cannot be 
considered when establishing the NAAQS, they become a prime factor that the states consider in 
developing strategies for achieving compliance with the standards. 

In 1997, the Clinton Administration set a primary and secondary standard for ozone at 80 
ppb.9 Under the Clean Air Act, these standards were supposed to be reviewed and updated 
within five years. IO After EPA failed to meet this deadline, the American Lung Association filed 
suit against the agency. I I This litigation resulted in EPA agreeing to a consent decree requiring 
EPA to promulgate final ozone NAAQS by March 12,2008.12 

21d. at 7-6 -7-9. 

31d. at 7-9, 7-10. 

4 Clean Air Act § 109 (2005). 

sId. 

6 Whitman v. American Trucking Associations, 531 U.S. 457 (2001). 

7 See, Clean Air Act, Title I (2005). 

8/d. 

9 Environmental Protection Agency, National Ambient Air Quality Standards/or Ozone, 
Fed. Reg. Vol. 62, No. 138 (July 18, 1997) (online at www.epa.gov/ttnamtil/fileslcfr/recentl 
03naaqs.pdf). 

10 Clean Air Act § 109(d)(I) (2005). 

II Complaint for Declaratory and Injunctive Relief, American Lung Association v. 
Whitman, D.D.C. (No. 03-778) (Mar. 31, 2003). 

12 Joint Stipulation to Modify Deadlines in Consent Decree, at 3 (Mar. 2007), American 
Lung Association v. Johnson, D.D.C. (No. 03-778) (online at www.epa.gov/ttn/naaqs/standards/ 
ozone/datalmarch_2007 _stipulation. pdf). 
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II. The Development of EPA's Draft Final Rule 

In January 2007, EPA's Office of Air Quality Planning and Standards finalized its "Staff 
13Paper" on ozone. The staff paper presented to EPA Administrator Johnson "staff conclusions 

and recommendations on a range ofpolicy options ... concerning whether, and if so how, to 
revise the primary (health-based) and secondary (welfare-based) 0 3NAAQS.,,14 It followed a 
multi-year review of the science regarding ozone's effects on public health and welfare by EPA 
staff, which first began in September 2000. 15 The recommendations in the staffpaper 
represented years ofwork byEPA staff. 

In the staff paper, EPA recommended that the primary NAAQS for ozone be reduced 
from 80 ppb to as low as 60 ppb. 16 In addition, the staff concluded that it was no longer 
appropriate "to use an 8-hr averaging time for the secondary 0 3 standard" and recommended to 
Administrator Johnson that the "8-hr average form should be replaced with a cumulative, 
seasonal, concentration weighted form.,,17 EPA staff recommended that the new secondary 
standard be a "cumulative, weighted total of 12-hour (8 a.m. - 8 p.m) exposures over a 3-month 
period giving greater weight to exposures at higher levels of ozone.,,1 .The staff made this 
recommendation because the cumulative, seasonal form is more "biologically relevant" to 
vegetation and new research showed that the eight-hour standard would not cover the same 
"areas of concern for vegetation" as the cumulative, seasonal standard.19 

The Clean Air Act establishes a Clean Air Scientific Advisory Committee (CASAC) to 
guide the EPA Administrator on setting the NAAQS. 20 CASAC reviewed the staff 
recommendations and unanimously supported them. In the case of the secondary standard, its 
Ozone Review Panel members were "unanimous in supporting the recommendation in the Final 
Ozone Paper that protection ofmanaged agricultural crops and natural terrestrial ecosystems 
requires a secondary Ozone NAAQS that is substantially different from the primary ozone 
standard in averaging time, level and form.'.2l 

13 Environmental Protection Agency, Review ofNational Ambient Air Quality Standards 
for Ozone: Policy Assessment ofScientific and Technical Information (Jan. 2007) (EPA-4521R
07-003). 

141d. at I-I. 

151d. at 1-5. 

161d. at 6-77. 

17 Id. at 8-24. 

18 Environmental Protection Agency, Review ofNational Ambient Air Quality Standards 
for Ozone Final StaffPaper, Human Exposure and Risk Assessments and Environmental Report 
(Jan. 2007) (online at www.epa.govlttnlnaaqs!standards/ozone/datal2007_01_finalsp_ 
factsheet.pdf). 

19 [d. at 8-20. 

20 Clean Air Act § 109(d)(2) (2005). 

21 Letter from Dr. Rogene Henderson, Chair of the Clean Air Scientific Advisory 
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In July 2007, EPA submitted its proposed ozone NAAQS for public comment.22 EPA 
Administrator Johnson proposed a primary standard within a range between 70 ppb and 75 ppb 
and two alternatives for the secondary standard: (I) a cumulative, seasonal form based upon 
recommendations presented in the staff paper and (2) a short-term secondary standard identical 
to the proposed primary standard.23 During the comment period, the proposal to set a seasonal 
secondary standard was supported by individual states, state and local air pollution control 
authorities, and the National Park Service, as well as many other organizations.24 

Internal EPA documents show that the "option selection" meeting with the Administrator 
occurred on January 7, 2008.25 At this meeting or shortly thereafter, the Administrator decided 
to proceed with a primary standard of75 ppb and a cumulative, seasonal secondary standard.26 A 
draft final rule reflecting these decisions was submitted'by Administrator Johnson to the White 
House Office of Management and Budget on February 22, 2008.27 

The draft fmal rule submitted by Administrator Johnson stated that adoption of a seasonal 
secondary standard was supported by "compelling" evidence and was "necessary" to protect the 
environment. According to Administrator Johnson's draft: 

the Administrator ... agrees with the CASAC Panel and the Staff Paper conclusions that 
in revising the secondary standard to provide increased protection it is appropriate to 
establish a secondary standard that is distinct from the primary standard in that it is based 
on a biologically relevant form. The Administrator fmds the evidence is compelling that 
03-related effects on vegetation are best characterized by an exposure index that is 
cumulative and seasonal in nature, and that revising the current standard in part by 

Committee, to EPA Administrator Stephen 1. Johnson (Mar. 26, 2007). 

22 Environmental Protection Agency, National Ambient Air Quality Standards for Ozone; 
Proposed Rule, 72 Fed. Reg. 37818 (July 11,2007). 

23 Id. 

24 Environmental Protection Agency, Responses to Significant Comments on the 2007 
Proposed Rule on the National Ambient Air Quality Standards for Ozone, at 105 (Mar. 2008) 
(online at www.epa.gov/ttnlnaaqs/standards/ozone/datal2008_03_rtc.pdt). 

25 Environmental Protection Agency, Ozone NAAQS Review; SAN 5008; Tier 1 (Revised 
on Mar. 4, 2008). 

261d. EPA has not responded to a Committee request to identifY the exact date on 
which Administrator Johnson made the option selection. 

27 Memorandum from Administrator Susan Dudley, Office ofInformation and 
Regulatory Affairs, Office of Management and Budget, to EPA Administrator Stephen 1. 
Johnson (Mar. 6, 2008). 
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adopting such a fonn is both necessary and appropriate to ensure a requisite degree of 
. protection.28 

According to the draft approved by Administrator Johnson: "EPA has found no evidence 
that, from the perspective ofbiological imfact of 03 exposure, the 8-hour standard fonn is an 
appropriate metric to protect vegetation.,,2 The draft added: ''the Administrator concludes that 
to provide adequate protection, the standard should be revised by establishing a distinct 

. secondarv standard with a cumulative, seasonal fonn that is biologically relevant to OJ-related 
effects."!o 

Ill. White House Objections 

On March 6,2008, six days before the court-ordered deadline,Susan Dudley, 
Administrator of Ol\.1B 's Office ofInfonnation and Regulatory Affairs, sent a memorandum to 
EPA informing the agency that Ol\.1B disagreed with its proposed secondary ozone standard. JI 
She stated .that the "draft does not provide any evidence that a separate secondary standard would 
be more protective than one set equal to the draft primary standard ...32 Ms. Dudley argued that 
EPA failed to properly consider "economic values" in the setting ofthe secondary standard and 
that there was no reason to set a secondary standard that was not identical to the primary 
standard.33 . 

On the following day, EPA Deputy Administrator Marcus Peacock sent a response to 
Ol\.1B that disagreed with OMB's assessment.34 Mr. Peacock's memo explained that the 
Supreme Court has clearly stated that "EPA cannot consider implementation costs in setting" the 
secondary standard, that the agency had appropriately considered the statutory criteria for. 
establishing the secondary standard, and that a "secondary standard that is distinctly different in 
form and averaging time from the 8-hour primary standard is necessary .,,35 In an internal EPA e

28 U.S. Environmental Protection Agency, Draft Ozone Rule, at 243 (EPA-HQ-OAR
2005-0172-7183.1) (Mar. 12,2008). 


29 U.S. Environmental Protection Agency, Draft Ozone Rule, at 252 (EPA-HQ-OAR
2005-0172-7183.1) (Mar. 12,2008). 


30 U.S. Environmental Protection Agency, Draft Ozone Rule, at 243 (EPA-HQ-OAR
2005-0172-7183.1) (Mar. 12,2008). 


31 Memorandum from Administrator Susan Dudley, Office ofInfonnation and 

Regulatory Affairs, Office ofManagement and Budget, to EPA Administrator Stephen L. 

Johnson (Mar. 6,2008). 


32 Id 

33 Id. 

34 Memorandum from EPA Deputy Administrator Marcus Peacock to Administrator 
Susan Dudley, Office ofInformation and Regulatory Affairs, Office ofManagement and Budget 
(Mar. 7,2008). 

35 Id 
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mail, the counsel to the Assistant Administrator for Air and Radiation commented that the White 
House was apparently "p.o. 'D about the separate std" and that ''the hornets are already worked 
up.,,36 

On March 8, Susan Dudley and Stephen McMillin, the Deputy Director of the Office of 
Management and Budget, called EPA's Deputy Administrator to inform the agency that "OMB 
does not concur," thereby blocking EPA from issuing the rule.37 No written explanation of the 
OMB position was provided to EPA. 

According to Jason Burnett, the EPA Associate Deputy Administrator, Administrator 
Johnson had multiple meetings with White House officials regarding the secondary ozone 
standard in March 2008.38 However, at the direction ofEPA, Mr. Burnett refused to discuss his 
knowledge of the substance of the meetings or the identities of the White House officials 
involved when he testified in a deposition.39 

Throughout most of the day on March 11, 2008, the day before the consent decree 
deadline, EPA staff continued to prepare a final rule that included a secondary ozone standard 
based upon a curnulative, seasonal form. Drafts from March 11 of the rule, the response to 
comments, the fact sheet, the answers to anticipated questions, and the "Action Memorandum" 
from Deputy Administrator Marcus Peacock to Administrator Johnson all reflected a secondary 
ozone standard based upon a cumulative, seasonal form. 40 

EPA staff also drafted talking points, apparently for Administrator Johnson to use in 
conversationS with the White House. The talking points stated: "The seasonal form is the most 
scientifically defensible. ,,41 The document also stated: "The Administrator must decide how 
best to set the secondary standard and a seasonal form is the most legally defensible.,,42 

During the evening ofMarch 11, 2008, EPA staff was directed to reject the seasonal 
standard and make the secondary standard equal to the primary one, as OMB had previously 
urged. An e-mail from an EPA attorney working on the ozone standard explained: 

36 E-mail from George Sugiyama to Lydia Wegman (Mar. 7,2008; 7:30 p.m.). 

37 E-mail from Marcus Peacock to Robert Meyers and Charles Ingebretson (Mar. 8, 2008; 
2:55 p.m.). 

38 Committee on Oversight and Government Reform, Transcript of Deposition ofJason 
Burnett, at 69 (May 15,2008). 

39Id. at 67-70. 

40 See e.g., E-mail from Erika Sasser to Sara Terry (Mar. 11,2008; 9:25 a.m.); E-mail 
from Diann Frantz to Josh Lewis and Cheryl Mackay (Mar. 11,2008; 1 :03 p.m.); E-mail from 
Dave Mckee to Joseph Dougherty (Mar. 11,2008; 2:23 p.m.); E-mail from John Millett to 
Alison Davis (Mar. 11,2008; 6:28 p.m.) 

41 Environmental Protection Agency, Ozone Secondary NAAQS (Mar. 11, 2008). 
42Id. 
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Well, we lost on the secondary. the decision came in about 7:00 to make it equal to the 
primary. About an hour later we heard there was also to be some sort ofpresidential 
announcement.43 . 

The following day, Ms. Dudley sent a letter to EPA Administrator Johnson explaining 
that the President had reviewed the secondary standard. According to Ms. Dudley's letter: 

The President.has concluded that, consistent with Administration policy, added protection 
should be afforded to public welfare by strengthenin~ the secondary ozone standard and 
setting it to be identical to the new primary standard. 4 

The last-minute change triggered what one EPA staff called an "emergency rewrite" of 
the final rule.4s Just before 1:00 a.m. on March 12, 2008, the Director ofEPA's Health and 
Environmental Impacts Division informed EPA staffthat ''the primary and secondary standards 
are going to be identical" and asked that the "implementation section" be reworked "first thing in 
the morning.,,46 

The final rule was issued late in the day on March 12. The statements in the draft rule 
that described the evidence supporting a seasonal standard as "compelling" were deleted, as was 
Administrator Johnson's finding that a seasonal standard was ''necessary ... to ensure the 
requisite degree ofprotection." In its place, the final rule contained language justifying the 
decision to adopt a secondary standard equal to the primary standard, asserting: 

The Administrator believes that such as standard would be sufficient to protect public 
welfare from known or anticipated adverse effects, and does not believe that an 
alternative cumulative, seasonal standard is needed to provide this degree ofprotection.47 

EPA employees worked at such a furious pace to edit the rule that not every statement in 
support of a separate secondary standard was deleted from the signed rule published in the 
Federal Register. On March 13, the Group Leader of the Air Quality Analysis Group e-mailed 

43 E-mail from John Hannon to Richard Ossias and Kevin McLean (Mar. 12, 2008; 7:40 
a.m.). 

44 Letter from Administrator Susan Dudley, Office ofInformation and Regulatory 
Affairs, Office of Management and Budget, to EPA Administrator Stephen L. Johnson (Mar. 12, 
2008). The letter is misdated as March 13, but was actually transmitted on March 12 as 
evidenced by its availability on that date and the citation to the letter in the March 12 final 
regulation. 

4S E-mail from Lewis Weinstock to Richard Wayland (Mar. 11, 2008; 9:32 p.m.). 

46 E-mail from Lydia Wegman to Bill Harnett, et al. (Mar. 12,2008; 12:55 a.m.). 

47 U.S. Environmental Protection Agency, Draft Ozone Rule, at 255 (EPA-HQ-OAR
2005-0172-7183.1) (Mar. 12,2008). 
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two other EPA employees stating, "I'm wondering ifa ... sentence was inadvertently left in the 
signature version of the ozone rule.,,48 The sentence stated: 

The National Park Service (NPS) comment ... specifically stated that "the NPS supports 
... the conclusion that a seasonal, cumulative metric is needed to protect vegetation." ... 
EPA agrees with these comments for the reasons discussed above.49 

IV. The Views of EPA Career Staff 

The reaction of EPA career staff and managers too the decision to drop the secondary 
standard, as revealed in internal communications obtained by the Committee, illustrates the 
degree to which the staff viewed the decision as unfounded. In their internal communications, 
they raised questions about both the legality of and motivation for the last-minute change. They 
aiso expressed personal dismay. 

On March 10, the Associate Director for Health for EPA's National Center for 
Environment Assessment commented on the objections raised by OMB, stating: "Looks like 
pure politics.,,50 

On the morning of March 11, an EPA lawyer warned about the legal danger of dropping 
the seasonal standard: 

One additional thought did occur to me today in discussing with my client what we 
would do if we were to change the rule at this late date to set a secondary standard equal 
to the primary. In short, we would have a hard time doing anything other than putting out 
an obviously legally deficient notice given the time frames. You may have already 
thought ofthis, but it occurred to me that we could be in the position ofhaving to fend off 
contempt proceedings for that sort of action. The obligation to promulgate a rule 
arguably means to promulgate one that is nominally defensible, i.e. that meaningfully 
responds to at least most significant comments and has a clear explanation of the basis for 
the decision. 51 

Another agency lawyer expressed his legal view, "We believe that it is legally stronger to go 
forward with a seasonal standard ... than to go forward with an 8-hour identical to a primary.,,52 

As EPA staff worked on March 11 and March 12 to revise the materials for the final rule 
to reflect the President's decision, one EPA staffer wrote: 

48 E-mail from Phil Lorang to Karen Martin and Erika Sasser (Mar. 13,2008; 5:08 p.m.). 

49 Environmental Protection Agency, National Ambient Air Quality Standards for Ozone: 
Final Rule, 73 Fed. Reg. 16499 (Mar. 27, 2008). 

50 E-mail from John Vandenberg to lIa Cote and Peter Preuss (Mar. 10, 2008; 4:22pm). 

51 E-mail from Lea Anderson to Mary Ann Poirier (Mar. 11 , 2008; 11 :24 a.m.). 

52 E-mail from John Hannon to Mary Ann Poirier (Mar. 11 , 2008; 7:05 a.m.). 
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1 don't think that we need to repeat all this ... wn... stuff .... about "parks and forests" 
when we're not doing anything to protect them .... No need to distinguish which types of 
vegetation are in need ofadditional protection, since we're not really protecting any of 
them properly!"S3 

Career EPA staff reacted with frustration when they heard of the decision to drop the 
seasonal standard. In response to an e-mail referring to "the secondary standard being set the 
San3e as the primary," the Acting Group Leader of the Ambient Air Monitoring Group wrote: 
"My sympathies to all and you in particular for all the work that went down the drain."S4 An 
agency veteran replied: "I have been working on NAAQS reviews for over 30 years and have 
yet to see anything like this."ss The Group Leader of the Ambient Standards Gro~ told her 
staff: "I know how incredibly frustrated and disgusted we all are at the moment."s After 
midnight, the Director of the Health and Environmental Imfacts Division summed up the events 
ofthe evening in the subject line ofher e-mail: "We lose." 7 

The next day, a career attorney in the Office of General Counsel informed his colleagues: 
"Well, we lost on the secondary."S8 The Associate General Counsel for the Air and Radiation 
Law Office replied: "Sorry to hear that. Hopefully the hard work you all did on it will bear fruit 
in the long run, when a different crew is in charge."s9 . 

In a consolation e-mail to her staff, the Director of the Health and Environmental Impacts 
Division made it clear that the White House, not EPA, made the decision on the secondary 
standard: "While 1was quite disappointed that we did not succeed in promulgating a [seasonal· 
secondary] standard, we.certainly had the full support ofthe Administrator in our effort.,,60 The 
Acting Director of Policy Analysis and Communications in the Office of Air Quality Planning 
and Standards stated: "Bad day for EPA. Primary has held but we lost the 2ndary.,,61 Another 
career EPA employee reported to his colleagues: 

EPA was moving to have a new form of the secondary standard (SUM06, an important 
change); OMB last Friday said 'no'. I hear fInal decision Can3e down last night seeing 

53 E-mail from Erika Sasser to Sara Terry (Mar. 11, 2008; 8:43 p.m.). 

54 E-mail from Lewis Weinstock to Dave McKee (Mar. 11, 2008; 8:41 p.m.). 

5S E-mail fromDaveMcKeetoLe~sWeinstock(Mar.11. 2008; 9:39 p.m.). 

56 E-mail from Karen Martin to Susan Stone, et al. (Mar. 11 , 2008; 8:43 p.m.). 

57 E-mail from Lydia Wegman to Bill Harnett, et al. (Mar. 12, 2008; 12:55 a.m.). 

58 E-mail from John Hannon to Richard Ossias and Kevin McLean (Mar. 12, 2008; 7:40 
a.m.). 

59 E-mail from Richard Ossias to John Hannon (Mar. 12,2008; 9:01 a.m.). 

60 E-mail from Lydia Wegman to Karen Martin, et al. (Mar. 12,2008; 8:20 p.m.). 

61 E-mail from Jenny Noonan to Jeffi:ey Clark (Mar. 12,2008; II :27 a.m.). 
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the wisdom ofOMB on this point, so secondary standard will be equal to the primary. 
To hell with the trees.62 

In response to an article quoting Administrator Johnson as saying "I followed my 
obligation. I followed the law. I adhered to the science," a veteran employee in the Ambient 
Standards Group wrote: "I guess that means that he doesn't have to pay attention to the 
scientists, who were overly worried about vulnerable citizens.,,63 

V. Unanswered Questions about the Decision 

As part of the investigation, the Committee has sought to understand the rationale for 
rejecting the seasonal standard advocated by the EPA Administrator, the Clean Air Scientific 
Advisory Committee, and the EPA staff. Under the Clean Air Act, the secondary standard is 
required to be set based on a scientific assessment ofharm to public welfare. The decision may 
not consider the economic costs of compliance as a factor in setting the standards. In its 200 I 
decision in Whitman v. American Trucking Association, the Supreme Court wrote that if EPA 
established a NAAQS standard by "secretly considering the costs ofattainment without telling 
anyone ... , it would be grounds for vacating the NAAQS, because the Administrator had not 
followed the law.,,64 

There is some evidence that the White House intervention was motivated by an illicit 
consideration of costs. The March 6 memo from Ms. Dudley, the OIRA Administrator, asserted 
that the EPA proposal was flawed because it did not consider "economic values." Moreover, 
news reports have suggested that the White House rejected the EPA position because of the costs 
of compliance. According to the Washington Post: 

Solicitor General Paul D. Clement warned administration officials late Tuesday night that 
the rules contradicted the EPA's past submissions to the Supreme Court, according to 
sources familiar with the conversation. As a consequence, administration lawyers hustled 
to craft new legal justifications for the weakened standard.6s 

The Conunittee sought - and ultimately issued a subpoena for - documents from Ms. 
Dudley that would explain why the White House rejected the EPA position. Ms. Dudley 
provided the Committee with copies of OMB's communications with EPA and access to copies 
of communications between OMB and other agencies. These documents shed little light on the 
decision, however. Comments to OMB from the Department of Agriculture on March II, 2008, 
at 7 :07 p.m. did raise concerns about the science supporting the EPA position, asserting that orie 
study relied upon by EPA was not peer-reviewed. But it is unclear what influence these 

62 E-mail from John Vandenberg to Linda Tuxen (Mar. 12,2008; I :05 p.m.). 

63 E-mail from Dave McKee to Chris Trent (Mar. 12,2008; 10:50 p.m.). 

64 Whitman v. American Trucking Associations, 531 U.S. 457 (2001). 

6S Ozone Rules Weakened at Bush's Behest, Washington Post (Mar. 14,2008). 
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comments had. Moreover, they appear to be based on a misunderstanding of the basis for EPA's 
position.66 

At the same time, Ms. Dudley withheld from the Committee documents that could 
explain the basis for the White House objections to Administrator Johnson's recommendation. 
According to White House counsel, approximately 1,900 pages of internal White House 
communications are being withheld. White House counsel explained that the documents were 
being withheld because they reflected the contents ofdeliberations inside the White House. 

The Committee staff asked EPA Associate Deputy Administrator Jason Burnett about the 
White House position in a deposition. Mr. Burnett confirmed that the White House was 
involved. According to Mr. Burnett, Administrator Johnson had multiple meetings with officials 
in the White House regarding the primary ozone standard in January 2008 and additional 
meetings with officials in the White House regarding the secondary ozone standard in March.67 

However, based on instructions from EPA, Mr. Burnett refused to answer the Committee's 
questions about the substance of these meetings, who the meetings were with, and whether the 
President was personally involved.68 

On May 16,2008, Chairman Waxman wrote Ms. Dudley and Administrator Johnson that 
unless the White House was prepared to assert a valid claim of executive privilege over the 
withheld documents, they should appear with the documents when they testify before the 
Committee. Chairman Waxman's letter explained that the Committee cannot assess whether the 
Clean Air Act was lawfully administered without access to the documents explaining the basis 
for the rejection of the EPA position.69 

. 

66 The comments suggest that the Department of Agriculture believed that a Forest 
SelVice database of foliar damage was an ''unpublished study" that EPA relied upon for the 
standard it sent to the White House. Majority staff notes, facsimile from Department of 
Agriculture to Heidi King (Mar. 11,2008; 7:07 p.m.); Majority staff notes, e-mail from 
Department of Agriculture to Michele Laur (Mar. 11,2008; 8:13 p.m.). In fact, EPA based its 
draft on numerous published studies, as Dr. Gretchen Smith, who served for ten years as the 
National Ozone Advisor for the USDA Forest Service Ozone Biomonitoring Program, explained 
in a May 14, 2008, letter to the Committee. Letter from Dr. Gretchen Smith to Chairman Henry 
A. Waxman (May 14,2008). 

67 Committee on Oversight and Government Reform, Transcript ofDeposition ofJason 
Burnett, at 67-70 (May 15,2008). 

68 ld. 

69 Letter from Chairman Henry A. Waxman to Susan Dudley, Office ofInformation and 
Regulatory Affairs, Office of Management and Budget (May 16, 2008). 
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National Center for Environmental Assessment 
You are here: EPA Home Research & Development NCEA Home Health Assessment 
Document for Diesel Engine Exhaust 

Health Assessment Document for Diesel Engine 
Exhaust 
Go To Downloads Contact 
This assessment examined information regarding the possible 
health hazards associated with exposure to diesel engine exhaust Technical Information Staff 
(DE), which is a mixture of gases and particles. by phone at: 

703-347-8561 
by fax at: 703-347-8691The assessment concludes that long-term (i.e., chronic) inhalation 
by emailexposure is likely to pose a lung cancer hazard to humans, as well at: nceadc.comment@epa.goas damage the lung in other ways depending on exposure. 

Short-term (i.e., acute) exposures can cause irritation and 
inflammatory symptoms of a transient nature, these being highly 
variable across the population. 

Background 

This assessment indicated that evidence for exacerbation of existing allergies 
and asthma symptoms is emerging. The assessment recognizes that DE 
emissions, as a mixture of many constituents, also contribute to ambient 
concentrations of several criteria air pollutants including nitrogen oxides and 
fine particles, as well as other air toxies. 

The assessment's health hazard conclusions are based on exposure to exhaust 
from diesel engines built prior to the mid-1990s. The health hazard conclusions, in general, are 
applicable to engines currently in use, which include many older engines. As new diesel engines 
with cleaner exhaust emissions replace existing engines, the applicability of the conclusions in 
this Health Assessment Document will need to be reevaluated. 

Next Steps 

This is a Final Document. 

Downloads/Related Links 

• 	 Health Assessment Document For Diesel Engine Exhaust (PDF) (669 pp, 9 MB, about 
PDF) 

Related Link(s) 

• 	More Information on EPA's Programs to Reduce Emissions from Diesel Engines 
• 	Discussion Paper for Casac Diesel Health Assessment Issues 
• 	Health Assessment Document for Diesel Emissions (External Review Draft) 
• 	Health Assessment Document for Diesel Exhaust (External Review Draft) 

Additional Information 

To obtain a hard copy or CD of the Health Assessment Document contact EPA's National 
Service Center for Environmental Publications: 

telephone 1-800-490-9198 or 513-489-8190 

fax 513-489-8695 
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BENTHIC PROCESSES IN THE NORTHERN BERING/CHUKCHI SEAS: 

STATUS AND GLOBAL CHANGE 


Jackie M. Grebmeier1 and Kenneth H. Dunton2 

lDepartment ofEcology and Evolutionary Biology, The University of Tennessee, 
Knoxville, TN 37996, USA 
2Marine Science Institute, University of Texas at Austin, Port Aransas, TX 78373, USA 

Introduction 

The shallow Arctic waters have important pelagic and benthic foodwebs, with the 
benthos playing a much greater role in system production and turnover than at lower 
latitudes (Laevastu and Favorite 1981, Grebmeier and Barry 1992, Grebmeier et al. 
1995). The Bering and Chukchi Seas contain some of the highest faunal biomass in the 
Arctic, as well as in the world ocean. High nutrient levels in the seawater are upwelled 
onto the shelf and influence the planktonic and benthic foodwebs as well as sediment 
community dynamics. In regions of high water column production there is a tight 
coupling between water column and benthic production. Both zooplankton grazing and 
the microbial loop have little influence on carbon utilization in waters that are extremely 
rich in phytoplankton, allowing more utilizable carbon to settle to the benthos to maintain 
a rich benthic food web. Regions ofhigh benthic production in shallow Arctic seas, such 
as Lancaster Sound and the Bering, Chukchi, and Barents Seas support a large 
component of bottom-feeding fish, whales, seals, walruses, and seaducks (Hood and 
Calder 1981, Welch et al. 1992, Ioiris et aZ. 1996). 

Benthic production is extremely important in the northern Bering and Chukchi Seas, with 
high organic carbon deposition occurring over the shallow shelves, resulting in enhanced 
benthic standing stock to support key higher trophic organisms, such as Pacific walrus, 
gray whales, and bearded seals (Grebmeier et al. 1995). Predation by demersal fish, 
invertebrates, and marine mammals is an important factor limiting benthic biomass in the 
southeast Bering Sea. By comparison, cold temperatures limit fish populations in the 
northern Bering Sea northward, where benthic-feeding marine mammals and seabirds 
provide relatively higher regional predation pressure (Grebmeier et ai. 1995). On the 
shallow Bering Sea shelf, the benthic food web is influenced by endotherm predation on 
bivalves and amphipods. The prey base for both gray whales and walruses is apparently 
declining as these apex predators approach or exceed carrying capacity (Lowry et aZ. 
1980, Highsmith and Coyle 1992), so major environmental changes affecting prey 
communities are likely to have significant effects. 
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The Northern Bering and Chukchi Seas 

The seasonally ice-covered Bering and Chukchi Sea shelves are some ofthe largest 
continental shelves in the world. Mean current flow of Pacific-derived water is northward 
over most of the year into the Arctic Ocean. Sea ice production, extent, and duration are 
critical for annual carbon production (both sea ice algae and open water phytoplankton), 
water mass formation, and hydrographic flow influencing subsequent carbon transport 
through the system, as well as resting sites for marine mammals. High primary 
production can occur regionally in the water column (up to 300 g C m- yfl; Springer and 
McRoy 1993, Springer et al. 1996), with ice-edge production quantitatively more 
important in regions of limited open water production. In specific areas of these seas this 
production is not directly consumed by pelagic secondary consumers, but rather by a rich 
macrobenthic community (Highsmith and Coyle 1992, Grebmeier 1993, Grebmeier and 
Cooper 1995). As a result, large populations of benthic-feeding marine mammals and 
birds serve as apex predators in the food chain (Fay et al. 1977, Grebmeier and Harrison 
1992, Highsmith and Coyle 1992, Oliver and Slattery 1985, Oliver et al. 1983, Hunt 
1991). 

The benthos is a long-term integrator of overlying water column processes. The 
distribution of benthic standing stock (Figure 1) and sediment oxygen uptake (an 
indicator of carbon supply to the benthos; Figure 2) in the northern Bering and southern 
Chukchi Seas indicate a strong pelagic-benthic coupling of biological processes in the 
region (Grebmeier 1993, Grebmeier et al. 1995). The highest benthic biomass regions 
occur in the northern Bering Sea southwest of St. Lawrence Island, in the central Gulf of 
Anadyr, north and south of Bering Strait, at a few offshore sites in the East Siberian Sea, 
and in the northeast sector of the Chukchi Sea (Figure 1). By comparison, sediment 
oxygen uptake patterns indicate enhanced carbon deposition to the benthos southwest of 
St. Lawrence Island, northern Bering Sea, and southern Chukchi Sea (Figure 2). The 
lower uptake rates nearshore in the East Siberian and Chukchi Seas and northeast sector 
of the Chukchi Sea indicate reduced carbon deposition. This decoupling between benthic 
biomass (long-term scale) and sediment oxygen uptake (short-term scale) in these areas is 
likely due to higher current flow and associated transport of carbon past the sites on 
variable time scales. 

Stable carbon and nitrogen isotope ratios of primary and secondary consumers in the 
northern Bering/Chukchi Seas also reflect the strong coupling between the pelagic and 
benthic components. In the Chukchi Sea, Dunton et al. (1989) found low 13C enrichment 
of secondary consumers relative to that ofzooplankton and similar lSN enrichments 
among a variety of secondary consumers relative to zooplankton. These data reflect the 
existence of shorter food chains (Figure 3), which in the Chukchi Sea is related to a more 
direct coupling of benthic consumers to the very high pelagic primary production on the 
shallow shelf, little of which is grazed before reaching the sea bed (Dunton et al. 1989). 
Stable isotopic analyses of sediment organic carbon also indicate a coupling between the 
water column and benthos, with less negative llC values occurring under the more 
productive regions of the northern Bering and Chukchi Seas (Naidu et al., in press). 
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Geographically, the benthos in the region south of St. Lawrence Island and into the Gulf 
of Anadyr in the northern Bering Sea and the southern Chukchi Sea is dominated by 
bivalves, amphipods, and polychaetes (Grebmeier 1993, Grebrneier and Cooper 1994, 
1995, Grebmeier et al. 1995). The area north of St. Lawrence Island to Bering Strait is 
dominated by amphipods and bivalves. As one moves northward to the Chukchi outer 
shelf the faunal are dominated by a mix of amphipods, bivalves, and polychaetes. Benthic 
faunal biomass declines northward in the Chukchi Sea, although there is an enrichment in 
benthic biomass near Barrow Canyon and the outer edge of the Chukchi continental shelf 
(Feder et al. 1994, Grebmeier, unpubl. data; Figure 2). A relatively rich region of benthic 
fauna also occurs just to the east in the Beaufort Sea (K. Dunton, unpubl. data). 
Observations of black, sulfide-rich muds near the head of Barrow Canyon suggest a 
shunting downslope of organic shelf-derived materials (Grebmeier and Cooper 1994, 
Devol et al. 1997). Ultimately, changes in the overlying flow directly impact benthic 
community structure, carbon deposition, and sediment composition. Sediment grain size 
is directly related to the current strength, and individual species of benthic infauna require 
specific sediment regimes within which to feed and grow. 

The St. Lawrence Island Polynya (SLIP) Region 

In the Bering Sea south of St. Lawrence Island (SLI), the water transport is 
predominantly from south to north. However, in the ice-covered winter/early spring 
period, the area is influenced by the seasonal SLI polynya (SLIP), an area of open water 
that develops south of SLI as prevailing northerly winds force sea ice away from wind
sheltering land-masses (Kozo et al. 1990). The SLIP extends 20-40 km (sometimes 
further) south over a shelf30-70 m deep (Schumacher et al. 1983, Smith et al. 1990, 
Stringer and Groves 1991). This brine injection sets up periodic baroclinic currents that 
transport water and likely entrained organic matter to the south and then west as 
geostrophic balance is reached (Schumacher et al. 1983). Recent benthic studies indicate 
that the benthos underlying this cold pool area southwest of SLI has the highest oxygen 
uptake as well as benthic biomass on the northern Bering Sea shelf, suggesting that low 
temperatures do not limit benthic carbon cycling (Grebmeier et al. 1990,1995). Very 
high standing stocks of benthic infauna (primarily bivalves) are maintained by nearshore 
primary production enhanced by SLIP dynamics, and subsequent baroclinic transport of 
carbon-rich waters southwestward from the island (Grebmeier 1992, Grebmeier and 
Cooper 1995). Total organic carbon content and CIN ratios of surface sediment also 
indicate deposition of high quality organic carbon southwest of St. Lawrence Island 
(Grebmeier and Cooper 1995). 

Recent studies south of St. Lawrence Island suggest that changes in the bivalve 
populations over the last few decades are likely linked to changes in the northward 
transport of water across the shelf (Walsh et al. 1989, Grebmeier and Cooper 1995, 
unpubl. data, Roach et al. 1995). Benthic productivity is directly linked to higher trophic 
levels since the regional foodweb is dominated by marine mammal predation on bivalves 
and amphipods. The prey base for both gray whales and walruses is apparently declining 
as these apex predators approach or exceed carrying capacity (Lowry et al. 1980, 
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Figure 3. Representation of a simplified northern Bering/Chukchi Sea food web. The high density 
and abundance of benthic biota reflects the large proportion of phytoplankton that falls directly to 
the seabed, ungrazed by pelagic organisms. The direct assimilation of phytoplankton by the 
benthos results in shorter food chains and a more efficient transfer of carbon to large marine 
mammals and diving seabirds. 

Organisms are: I: ice algae; 2: phytoplankton; 3: copepods; 4: walrus; 5: basket stars; 6: 
ascidians; 7: shrimps; 8: filter-feeding bivalves; 9: sea stars; 10: sand dollars; II: crabs; 12: 
bottom feeding fishes; 13: diving seabirds; 14: deposit feeding bivalves; IS: polychaetes, 16: 
native subsistence hunters. 
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Highsmith and Coyle 1992, Brendan Kelly, pers. comm.), so that environmental changes 
affecting prey communities are likely to have significant effects. In addition, the 
spectacled eider, a diving seaduck that winters under very harsh conditions in the Bering 
Sea (petersen et al. 1995, Lamed and Tiplady 1997), has been observed to dive for 
benthic food in sub-freezing water 40-60 m deep south of St. Lawrence Island. 
Ephemeral openings in the shifting pack ice are typically used. The wintering area was 
first located south of St. Lawrence Island in March 1995; up to 40,000 eiders from U.S. 
and Russian populations were packed together in single leads with bodies touching in 
water kept open only by movements ofthe eiders themselves (W. Lamed, U.S. Fish & 
Wildl. Serv., pers. comm.). 

Sediment oxygen uptake rates show a distinctive southwestern excursion away from SLI, 
implying an enhanced flux of particulate carbon to the benthos downstream from the 
SLIP (Figure 4a-c). However, a declining trend in sediment oxygen uptake in the 
productive areas to the southwest of SLI has recently been observed, with oxygen uptake 
decreasing from 35 mmol O2 m-2 d-1 in 1988 to 20-25 mmol 02 m-2 d-1 in 1993-1994 
(Figure 4a-d). This decline in sediment oxygen uptake is indicative of a reduction of 
carbon supply to the benthos interannually. Multivariate community analyses indicate 
that there are different benthic communities to the southwest of the island relative to 
nearshore and much further offshore to the south and to the east (Figure 5a-c; Grebmeier 
and Cooper 1995 unpubl.data). Although benthic biomass fluctuates among years, there 
is also an indication of a declining trend in benthic biomass from 1990 to 1994 (Figure 
5d; Grebmeier and Cooper, unpubl. data), and recent studies indicate this trend has 
continued in 1998 and 1999. This biomass decline coincides with indications since the 
late 1980s that benthic community structure has also been changing in the region 
(Sirenko and Koltun 1992). 

Changes in Benthic Fauna and Oceanographic Processes 

Recent retrospective studies of benthic communities indicate a changing marine system 
in the Bering and Chukchi Seas (Sirenko and Koltun 1992, Grebmeier and Cooper 1995, 
unpubl. data, Francis et al. 1996). In particular, the region just north of Bering Strait has 
historically been a settling basin for organic carbon, resulting in high benthic standing 
stock and oxygen uptake rates (Grebmeier et al. 1988, 1989, Grebmeier 1993). 
Specifically, the benthic productivity in a region north of Bering Strait near 67°30 N, 
1690 W has historically maintained the highest benthic faunal biomass of the entire 
Bering/Chukchi system (Stoker 1978,1981, Grebmeier 1993, Grebmeier and Cooper 
1994, Grebmeier et al. 1995, Reed 1998). Although benthic biomass remains high in the 
area, a change in dominant benthic fauna has occurred regionally and is likely an 
indication of changing hydrographic conditions (Grebmeier 1993, Grebmeier et al. 1995, 
Grebmeier, unpubl. data). 

With respect to the St. Lawrence Island polynya region, any change in regional 
oceanography due to physical effects of the Gulf of Anadyr gyre position or size would 
ultimately be related to northward transport of water through Bering Strait, and 
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geostrophic balance within the Arctic Ocean basin. This balance drives the northward 
current regime in the northern Bering Sea (Walsh et al. 1989). Recently Roach et aZ. 
(1995) indicate reduced transfer of Pacific Ocean water north through Bering Strait, 
which suggests coincident reduction in northward transport of waters south of St. 
Lawrence Island. Water-column primary production and the final location of carbon 
deposition to the benthos is related to ice production and brine formation in the SLI 
polynya during late winter-early spring. The Gulf of Anadyr "cold pool" is maintained by 
ice productionibrine formation in the SLIP. Reduced ice production south of SLI might 
decrease renewal of nutrients for early-season production by ice algae and phytoplankton, 
and baroclinic currents that would move it to the southwest (Gnibmeier and Cooper 
1995). Both these factors would limit benthic populations. Alternatively, an enhanced and 
more energetic polynya with global warming might maintain a chemostatic-type system 
as occurs north of St. Lawrence Island (Walsh et al. 1989), allowing a longer growing 
season with increased production and subsequent transport. On-going studies in the 
region are currently investigating a variety of these hypotheses (Grebmeier, Cooper, and 
Lovvorn, unpubl. data). 

Current Regional Studies 

There are a variety of ecosystem-type studies currently being undertaken in the northern 
Bering and Chukchi Seas, including work on long-term status and change of hydrography 
and benthic processes in the Bering Strait region (Cooperative Institute for Arctic 
Research /NOAA). Another collaborative program is investigating hydrographic forcing 
of benthic ecosystem change south of St. Lawrence Island (National Science Foundation 
[NSF]). 

A new collaborative NSF and Office ofNaval Research program was recently initiated 
called the Western Arctic Shelf-Basin Interactions (SBI) project that has as its goal to 
investigate and interpret global change impacts on biogeochemical cycling and trophic 
dynamics in the Chukchi and Beaufort Seas (Grebmeier et al. 1998; SBI home page: 
<http://utk-biogw.bio.utk.edulSBl.nst>). Sea ice extent and duration is a key element of 
the physical, biological, and geochemical aspects of this program and results from this 
current sea ice workshop will provide valuable insights for the objectives of the SBr 
program. 

Also, an Environmental Observatory was recently funded by NSF to monitor the physical 
and biochemical parameters ofwaters that flow past Little Diomede Island in Bering 
Strait throughout the year (home page: <http://ec053.bio.utk.edu>) .. Theprogramalso 
includes annual oceanographic sampling of water column and benthic parameters at 
select high productivity sites south and north of Bering Strait. In addition, this 
observatory will rely on local Alaska Natives for many activities, such as collection of 
daily water samples at the land-based observatory and assistance with marine mammal 
and sea ice observations. 
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Summary and Future Research 

The wide shelves of the northern Bering and Chukchi Seas support an extremely 
productive and dynamic benthic system. The high nutrient inflow of Pacific waters across 
these shelves supports high primary production that settles quickly to the underlying 
benthos. Both consumption by benthic organisms and benthic carbon cycling are 
extremely important for sequestering and recycling carbon over the shelves as well as 
supporting higher trophic levels utilized by local Inuit. These shelves are covered by sea 
ice for 6-9 months of the year and the role of sea ice in influencing the hydrographic 
structure in the region is critical for both water mass formation and carbon production 
and transport through the system. 

Important questions for future studies related to sea ice and benthic systems include: 

• 	 What is the role of sea ice in ice algal community vs. open water production and how 
will changes in the extent and duration of the ice cover influence these processes? 

• 	 What is the interaction between ice extent and organic carbon flux to the benthos and 
how does the timing of ice melt interact with stimulating benthic production and 
carbon cycling? 

• 	 How will a projected reduction in ice thickness and extent influence the quantity and 
spatial location of organic carbon reaching the benthos? 

• 	 How will a reduced ice cover impact higher trophic level populations and their 
associated predation on the benthos? 

An understanding of the interactions between sea ice formation and extent on water 
column and sediment carbon production and recycling processes is essential to predict the 
potential impact of global change on ecosystem dynamics in the seasonally-ice covered 
northern Bering and Chukchi Seas. 
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Shell Exploration & Production, Inc. 
3601 C Street, Suite 1000 
Anchorage, Alaska 99503 

Tel 907.770.3700 
Fax 907.646.71 35 

Internet hllp://www.shel l. com 

September 1, 2009 

Michelle Pirzadeh 
Acting Regional Administrator 
U.S. EPA, Region 10 
Regional Administrator's Office, RA-140 
1200 Sixth Avenue, Suite 900 
Seattle, Washington 98101 

Re: August 25, 2009 Meeting 

Dear Michelle, 

Thank you again for organizing such a productive meeting on August 25, 2009. Subsequent to that 
meeting, we received your letter of August 20th While we may not agree with the factual recitation 
of the permit process as outlined in that correspondence, we sincerely appreciated the insights you 
and your staff shared in person on the 25th As a result, we have chosen to look forward to 
reaching the near term milestones that will allow EPA Region 10 (R 10) to provide a processing 
schedule for the Beaufort Sea Permit as a result of that meeting . 

As noted in my opening remarks, we are very appreciative and encouraged that R10 commenced its 
public notice of Shell's Draft chukchi Sea Prevention of Significant Deterioration (PSD) Permit on 
August 20, 2009. We believe that progress on the Chukchi Permit will simplify an overwhelming 
portion of the process needed to issue the Beaufort Sea PSD Permit to Shell in time to make a prudent 
funding decision regarding a 2010 drilling season, taking into account a marginally sufficient time 
frame for a potential EAB process. 

As our agenda (attached) for the meeting related, Shell sees many reasonable opportunities for RIO 
to process and issue a Beaufort Sea permit for the Frontier Discoverer drill ship in a shorter 
timeframe than experienced in the chukchi Sea. However, after witnessing the extended process of 
the Chukchi Permit and the absence of a written schedule, I would like to emphasize my request to be 
more involved in developing the processing schedule for the Beaufort Sea Permit. While I can 
appreciate your inquiries regarding assigning priority to one permit over the other due to RIO' s 
resourcing issues, Iwould like to reaffirm Shell's need to have both permits issued in final form by 
R 10 by at least the end of 2009. 
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Drilling windows in the Arctic OCS can be influenced by natural, cultural and legal issues that create 
significant risk of either not gaining access to the drill location or having a shorter-than-planned time 
on location. However, this risk can be greatly reduced by having the option to drill in either sea. Risk 
minimization will be a large factor considered when Shell must commit many millions of dollars of 
pre-drilling mobilization costs later this year. These funds would be in addition to the hundreds of 
millions more of sunk costs that Shell invested in 2007 and 2008 drilling seasons that did not 
materialize, and in addition to the more than $25 MM Shell has recently committed to in SCR and 
CDPF retrofits on the Discoverer drill vessel in advance of your permits issuance. 

Shell's mission is to run a safe and environmentally sound exploratory drilling operation in both seas. 
We have worked hard to reduce our environmental footprint as reflected in our initial applications 
and other voluntary project refinements, and we are diligently working with R10 to fully understand, 
clarify and potentially modify the permit conditions contained in the Draft Chukchi Sea Permit. Some 
of these conditions, as currently drafted, conflict with other applicable regulations, impact normal 
and customary decision making of vessel captains operating the approved fleet, and potentially 
propose compliance scenarios that may not be feasible or practicable. As stated, Shell will provide 
a comprehensive summary of its mitigation commitments, and provide comments to R lOin these 
permit condition categories of interest during the Draft Chukchi Permit Public Notice period. In the 
interim, we appreciate your commitment to discussing any similar permit conditions within the context 
and during the early stages of crafting the Beaufort Permit so that permit can be initially drafted in a 
manner compatible with prudent operational requirements. 

Your discussion regarding lessons-learned was most welcome, and I will work, along with you, to 
make these productivity improvements in our respective teams. Early coordination and feedback 
from R10 has been a continuing issue, therefore, I appreciate your commitment to holding 
clarification meetings at major administrative and/or processing junctures that will improve early 
communication. We will also endeavor to involve expert technical staff, when appropriate, in the 
weekly coordination teleconferences between our Program Managers. 

With regard to progress on the Beaufort Sea Permit processing, we appreciated your commitment to 
issue the much needed 2,d Completeness Determination Letter in the early part of this week, and then 
hold a meeting several days later, perhaps on September 3 or 4 to clarify the determination. While 
we are very concerned that R1 0's decision is coming approximately 100 days after permit submittal, 
we are encouraged that you are seeking additional modeling resources at R 10, and you are 
receptive to partnering with the Alaska Department of Environmental Conservation (ADEC) to 
optimize consideration of the corresponding onshore area. Further discussions with ADEC 
Commissioner Larry Hartig to define ADEC's prospective role may be needed. In addition, we 
specifically look forward to your feedback regarding our Memorandum for Discussion transmitted to 
you on August 17, 2009, which discusses reasonable opportunities to make the processing of the 
Beaufort Sea Permit more efficient. 

please know that, barring any unforeseen developments, we will strive to respond to your 2,d 
Beaufort Sea Completeness Determination letter within approximately two weeks of receipt, and we 
will be prepared to meet with your staff at that point to clarify our responses and revised application. 
I greatly appreciate your commitment to revisiting and providing a Beaufort Sea Permit processing 
schedule once the above milestones are met, possibly during the week of September 21,2009. 
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The week of September 21 will also include R1 O's hearing and meetings on the North Slope 
regarding the chukchi Sea Permit. Please know that members of shell's Air Team will attend the 
September 23,2009 Public hearing in Barrow to support R10 in answering questions or clarifying 
information. 

Again Michelle, I appreciate the recent momentum in processing our applications, as evidenced at 
the just completed August 25th meeting, and I look forward to refining our cooperative relationship. 

Sincerely, 

(U2 
Peter E. Siaiby 

Vice President 

Shell Alaska 


Attachment 

Cc: 	 Susan Childs, Shell Alaska 

Lance Tolson, Shell Alaska 

Mark Schindler, Octane 
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Meeting Agenda: August 25, 2009 Shell and R10 Meeting 

Re: Beaufort Sea Major PSD Permit 

I. Purpose of Meeting 
• 	 Ascertain status of Beaufort Permit Application and 

Processing Schedule 
• 	 Communicate need, logic, and expectations for 

shorter processing schedule 
• 	 Apply lessons-learned from current draft permit to 

Beaufort Processing 
• 	 Devise plan forward to achieve defensible and timely 

Beaufort Permit 
• 	 Communicate appreciation for R10's modifications to 

Chukchi Draft Permit prior to Public Notice, and 
Public Notice start 

• 	 Advise R10 that Shell will seek modifications to 
Chukchi Draft Permit in its comments to the Public 
Notice. Is there an interim process to facilitate this 
and avoid delay after end of public notice? 

II. Beaufort Permit 
• 	 Shell statement of need, requested timing for final 

permit issuance. What can be done to achieve this? 
• 	 R10's acceptance of out-sourcing through ADEC 
• 	 Shell Response to R10's 1st Partial Incompleteness 

Determination 
• 	 Timing of R10's 2nd Incompleteness Determination? 
• 	 Shell White Paper Re: Shorter Processing Schedule 
• 	 Data issues needing resolution 
• 	 Need written processing schedule 
• 	 Nexus with Chukchi Permit Conditions, need to get 

them right for Beaufort prior to Public Notice. 
Identify contact persons to clarify conditions and 
define modifications for Beaufort 

IV. Final Resolutions and Plans Forward 
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UNITEDUNITED STATESSTATES ENVIRONMENTALENVIRONMENTAL PROTECTIONPROTECTION AGENCYAGENCY 

REGIONREGION 1010 


12001200 SixthSixth Avenue,Avenue, SuiteSuite 900900 

Seattle,Seattle, WAWA 98101-314098101-3140 


REGIONALREGIONAL ADMINISTRATORADMINISTRATOR 

JulyJuly 27,27, 20092009 

PeterPeter E.E. SlaibySlaiby 
ShellShell AlaskaAlaska GeneralGeneral ManagerManager 
ShellShell ExplorationExploration && Production,Production, Inc.Inc. 
36013601 CC Street,Street, SuiteSuite 10001000 
Anchorage,Anchorage, AlaskaAlaska 9950399503 

DearDear Mr.Mr. Slaiby:Slaiby: 

6,2009,ThisThis letterletter isis inin responseresponse toto youryour JulyJuly 6, 2009, letterletter toto meme regardingregarding ourour JuneJune 15,2009,15,2009, 
meetingmeeting onon thethe airair permitspermits forfor Shell'sShell's exploratoryexploratory drillingdrilling inin thethe ChukchiChukchi andand SeaufortSeaufort Seas.Seas. TheThe 
followingfollowing areare EPAEPA responsesresponses andand elaborationselaborations onon youryour pointspoints andand issues.issues. 

•• 	 FirstFirst pointpoint -- RegionRegion 1010 hashas mobilizedmobilized additionaladditional resourcesresources toto assistassist inin reviewingreviewing andand 
processingprocessing Shell'sShell's permitpermit applications.applications. II appreciateappreciate Shell'sShell's commitmentcommitment toto provideprovide timelytimely 
responses.responses. However,However, II mustmust reiteratereiterate thatthat thethe delaydelay inin receivingreceiving updatedupdated emissionsemissions 
informationinformation inin tumtum delayeddelayed ourour abilityability toto workwork onon draftingdrafting thethe permitpermit andand supportsupport documents.documents. 
InIn addition.addition. ShellShell hashas stillstill beenbeen slowslow toto provideprovide otherother information,information, suchsuch asas thethe WainwrightWainwright 
monitoringmonitoring datadata andand thethe requestsrequests forfor LettersLetters ofof AuthorizationAuthorization (LOA's)(LOA's) (see(see thethe sixthsixth pointpoint 
below).below). TheThe latenesslateness ofof somesome ofof thisthis informationinformation isis makingmaking itit extremelyextremely difficultdifficult forfor usus toto 
meetmeet ourour targettarget ofof puttingputting aa draftdraft permitpermit outout forfor publicpublic noticenotice byby mid-August.mid-August. 

•• 	 SecondSecond pointpoint -- WeWe intendintend toto sendsend thethe completenesscompleteness letterletter forfor thethe ChukchiChukchi applicationapplication byby .. 
JulyJuly 3131stst providedprovided ShellShell submitssubmits allall ofof thethe informationinformation previouslypreviously requestedrequested byby thatthat date.date. WeWe 
alsoalso planplan toto sendsend thethe incompletenessincompleteness letterletter forfor BeaufortBeaufort applicationapplication byby JulyJuly 29th.29th. 

•• 	 ThirdThird pointpoint -- EPAEPA isis inin thethe finalfinal stagesstages ofof draftingdrafting thethe permitpermit andand anticipatesanticipates sendingsending itit toto 
ShellShell forfor aa two-daytwo-day reviewreview afterafter JulyJuly 3131 stst

•, unlessunless wewe havehave additionaladditional issuesissues toto resolveresolve asas aa 
resultresult ofof ourour internalinternal peerpeer reviewreview thisthis week.week. ShouldShould ShellShell requestrequest anyany changeschanges priorprior toto 
puttingputting thethe proposedproposed permitpermit outout forfor publicpublic comment,comment, itit maymay delaydelay thethe permitpermit proposal.proposal. YouYou 
havehave askedasked usus toto includeinclude aa descriptiondescription ofof Shell'sShell's commitmentscommitments toto avoid/minimizeavoid/minimize (non-air)(non-air) 
impaCtsimpaCts inin ourour airair permitpermit oror EPA-draftedEPA-drafted permitpermit materials.materials. WeWe willwill bebe describingdescribing thethe legallegal 
andand technicaltechnical aspectsaspects ofof Shell'sShell's operationsoperations inin ourour documents,documents, butbut itit wouldwould notnot bebe appropriateappropriate 
forfor usus toto gogo beyondbeyond thatthat typetype ofof characterization.characterization. However,However, ifif ShellShell wouldwould likelike toto prepareprepare 

project.andand submitsubmit toto EPAEPA anan overalloverall summarysummary descriptiondescription ofof theirtheir project, includingincluding suchsuch 

commitments,commitments, EPAEPA wouldwould includeinclude itit inin thethe recordrecord forfor thisthis pemrlt.pemrlt. 


•• 	 FourthFourth pointpoint -- ForFor clarification,clarification, EPAEPA diddid notnot saysay thatthat wewe hadhad discusseddiscussed withwith thethe NorthNorth SlopeSlope 
BoroughBorough (NSB)(NSB) thethe possibilitypossibility ofof issuingissuing thethe draftdraft permitpermit publicpublic noticesnotices withinwithin thethe 
subsistencesubsistence activityactivity season.season. WeWe diddid saysay thatthat wewe believedbelieved thatthat applyingapplying thethe protocolprotocol 
principles.principles. includingincluding earlyearly andand frequentfrequent communicationcommunication onon upcomingupcoming projectsprojects andand agencyagency 
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actions,actions, couldcould supportsupport aa strongerstronger andand moremore consistentconsistent relationshiprelationship withwith communitiescommunities andand 
couldcould helphelp reducereduce conflictconflict andand concernsconcerns ifif wewe hadhad toto gogo toto publicpublic noticenotice duringduring subsistencesubsistence 
seasons.seasons. SinceSince wewe havehave onlyonly nownow begunbegun toto implementimplement thethe protocol,protocol, wewe wantwant toto avoidavoid goinggoing 
toto publicpublic commentcomment onon ourour firstfirst majormajor actionaction duringduring thethe upcomingupcoming fallfall subsistencesubsistence activityactivity 
season.season. 

•• 	 FifthFifth pointpoint -- WeWe tootoo foundfound thethe JuneJune 2525thth "Processing"Processing Productivity"Productivity" meetingmeeting helpfulhelpful andand looklook 
forwardforward toto s~ings~ing youryour listlist ofof keykey issues.issues. IfIf appropriate,appropriate, wewe shouldshould scheduleschedule aa secondsecond 
meetingmeeting toto discussdiscuss thosethose issuesissues inin lightlight ofof thethe BeaufortBeaufort permitpermit applicationapplication onceonce thethe 
applicationapplication isis complete.complete. 

•• 	 SixthSixth pointpoint -- WhileWhile wewe nownow havehave copiescopies ofof thethe twotwo exploratoryexploratory plansplans (EP's),(EP's), asas ofof today,today, wewe 
stillstill don'tdon't havehave aa copycopy ofof thethe ChukchiChukchi requestrequest forfor aa LetterLetter ofof AuthorizationAuthorization (it(it isis notnot includedincluded 
inin thethe versionversion ofof thethe EPEP thatthat wewe received).received). 

•• 	 FirstFirst IssueIssue -- EPA'sEPA's needneed forfor thethe EP's/LOA'sEP's/LOA's hashas moremore toto dodo withwith ourour overalloverall permittingpermitting 
efforteffort thanthan justjust thethe EndangeredEndangered SpeciesSpecies ActAct (ESA)(ESA) process.process. EPAEPA needsneeds toto verifyverify thatthat thethe 
equipmentequipment andand operationaloperational scenariosscenarios describeddescribed toto otherother federalfederal authorizingauthorizing agenciesagencies areare 
consistentconsistent withwith thethe equipmentequipment andand operationaloperational scenariosscenarios uponupon whichwhich EPAEPA isis basingbasing itsits permitpermit 
decision.decision. EPAEPA alsoalso needsneeds toto ensureensure thatthat thethe potentialpotential impactsimpacts ofofourour permittingpermitting actionaction areare 
addressedaddressed underunder ESA.ESA. 

•• 	 SecondSecond IssueIssue -- EPAEPA isis evaluatingevaluating possiblepossible approachesapproaches andand willwill includeinclude permitpermit termsterms andand 
conditionsconditions toto addressaddress thethe multi-yearmulti-year authorizationlESAauthorizationlESA andand thethe 168168 dayday drillingdrilling seasonseason 
issues.issues. WeWe willwill alsoalso letlet youyou knowknow ifif additionaladditional discussionsdiscussions onon thethe ESAESA issuesissues areare needed.needed. 

WeWe hopehope thatthat thethe aboveabove helpshelps toto clarifyclarify EPA'sEPA's positionposition onon thesethese pointspoints andand issues.'issues.' PleasePlease 
givegive meme aa callcall atat 206-553-1234,206-553-1234, oror JanJan HastingsHastings atat 206-553-1582206-553-1582 ifif youyou wouldwould likelike toto discussdiscuss anyany 
ofof themthem further.further. 

Sincerely,Sincerely, 

~~-~~~-~ 
MichelleMichelle L.L. PirLadehPirLadeh 
ActingActing RegionalRegional AdministratorAdministrator 

cc:cc: SusanSusan Childs,Childs, ShellShell 
UmceUmce Tolson,Tolson, ShellShell 
MarkMark Schindler,Schindler, OctaneOctane 
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Shell Exploration & Production, Inc. 
360 1 C Street, Suite 1000 
Anchorage, Alaska 99503 

Tel 907.770.3700 
Fax 907.646.7135 

Internet http://www.shell.com 

January 4, 2010 

The Honorable Gina McCarthy 
Assistant Administrator for Air and Radiation 
Environmental Protection Agency 
Ariel Rios Building 
1200 Pennsylvania Avenue, N.W. 
Washington, DC 20460 

Dear Administrator McCarthy and Deputy Administrator Janet McCabe, 

I want to thank you again for meeting with me in mid-December regarding Shell's pending air permit 
applications for exploration drilling in the Chukchi Sea and the Beaufort Sea and our follow-up 
phone calls. 

As we discussed, in order to mobilize for the 2010 drilling season, Shell must have usable air permits 
in early 2010. Iam advised thatthe revised draft chukchi permit will be published on January 11, 
2010, for a 35-day public comment period. A date for publication of the draft Beaufort permit has 
not been set, but I am hopeful that will occur in early February. Given this challenging status report, I 
have three requests. 

• 	 First, I ask that the Chukchi air permit be finalized within 10 days of the close of the comment 
period. This is reasonable if EPA will dedicate staff to evaluate and respond to comments as 
they are filed and if EPA will utilize the Shell expertise to assist in this preparation . 

• 	 Second, in anticipation that the Chukchi air permit will be appealed to the Environmental 
Appeals Board (EAB), I ask that both EPA Region 10 and EPA's Office for Air and Radiation 
submit written requests to the EAB to set an expedited schedule for resolving the appeal. 

• 	 Third, I ask that a firm date for publication of the draft Beaufort air permit be set and that the 
EPA commit to a clear and expeditious schedule for finalizing that permit and moving it 
through the EAB process. 

I appreciate the time and attention that you and Region 10 staff have given to date. Iam hopeful 
that EPA will agree to move deliberately in the next weeks as requested above. 
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'ft'LJP..~P.., E 51o;by 
Vice President 
Shell Alaska 

Cc: Janet McCabe, Deputy Administrator, Environmental Protection Agency 
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July 30, 2009 

Ms. Michelle Pirzadeh 

Acting Regional Administrator 

u.s. Environmental Protection Agency, Region 10 

1200 6th Avenue 

Seattle, Washington 98104 


•Dear Michelle: 

. 

• 3 ..j - j. I 
. 	 , . 

"" '. 	 b 

OFFICE OF THE EXECUTIVE 

We arc writing about the air permits needed for certain offshore oil and gas exploration activities 
in the Chukchi Sea and Beaufort Sea off Alaska. We are keenly interested in seeing that this 
exploration activity goes forward in a timely and environmentally sound manner. 

• 

• 

We 	are fully aware ofthe work that you and your staff have done to date on these time critical 

• 	
pemlits. We are writing to encourage you to make these air pennits a high priority in the weeks 
ahead; and to offer any assistance you may need to ensure that the permits are issued this fall. 
Failure to issue air pennits in 2009 will jeopardize the exploration activity that is plaQned for 
2010. • 

• Offshore oil and gas must playa significant role in meeting the nation's domestic energy needs 
in the decades to come. Resources off the coast of Alaska are potentiaUy significant and 
therefore, are a potentially long-term domestic supply resource. We must explore for and 
develop the Chukchi and Beaufort Seas resources in an environmentally safe and sustainable 
manner; and we must allow tpat exploration work to proceed without bureaucratic impediments . 

• 

We 	are concerned about the timetable that Region 10 has for the two air permits needed for the 
2010 exploration plans. To the extent that failure to prioritize is the issue, we urge you to 
reassess. To the extent that lack of resources in Region lOis contributing to delay, we want to 
work with you to resolve this issue. It is critical that Region 10 have the requisite staff and staff 
time necessary to complete the permits this year. 

•We understand that the applicant has taken significant and important measures to reduce its 
operational impact. Specifically, the applicant has agreed to operate only one drilling rig in each 
of the areas and has agreed to modify the drilling rig equipment at a cost of $25 million to reduce • 

its air emissions impacts . . We understand these decisions were made as a result ofmeetings with 
your staff and at their request. Again, we are pleased that EPA is working cooperatively with 
the applicant in this manner. 

Ifwe need to identify additional resources, either from other federal agencies or from the State of 
• 

Alaska Department of Environmental Conservation, we stand ready to assist. 
, 

• 

• 
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We look forward to hearing from you in the very near future about how you plan to move 
• 

forward in order to issue the two air pennits this year. Thank you in advance for your prompt 
attention to this matter. 

• 
• 

Sincerely, 

/ 

United States Senator 
Mark Begich :'

/ r 
United State§"Senator 

• 

Young 
Congressman All 

• 

• 

• 

.. 

.. 

• 

• 

• 


• 

• 

• • 

• 

.. 
• 

, 
• 

..cc. Larry Hartig-Alaska Department ofEnvironmental Conservation • 

Elizabeth Craig-Deputy Assistant Administrator for Air Quality 
U.S. Environmental Protection Agency 

• 

• 

• 

• 

• 
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